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AN INTEGRAL EQUATION FORMULATION FOR PREDICTING
RADIATION PATTERNS OF A SPACE SHUTTLE
ANNULAR SLOT ANTENNAL

By J. Earl Jones and J. H. Richmond?2
Langley Research Center

SUMMARY

A synopsis is presented of a recently developed, integral equation formulation for
predicting radiation patterns of thin axial slot antennas mounted on an infinitely long,
perfectly conducting cylinder of arbitrary cross section. The method is applied to com-
pute radiation patterns in both the pitch and roll planes of a thin VHF/UHF (very high
frequency/ultra high frequency) annular slot communications antenna operating at several
locations in the nose region of the Space Shuttle orbiter. Digital computer programs used
to compute radiation patterns are also given and the use of the programs is illustrated.
Experimental verification of computed patterns is given from measurements made on
1/35-scale models of the orbiter.

The results indicate that even when formulated for two-dimensional bodies, the inte-
gral equation formulation is useful for predicting principal plane radiation patterns of
antennas mounted on moderate to large electrical size bodies such as the Space Shuttle
orbiter. The upper limit of the perimeter of the body is dependent on the gize of the digi-
tal computer used to make the computations. For the computer employed, the maximum
perimeter was found to be from 30 to 36 wavelengths.

INTRODUCTION

The Space Shuttle is a reusable NASA vehicle that is expected to receive consider-
able attention in the forthcoming decade. The motivation for the development of the Space

IThis work was supported in part by the National Aeronautics and Space Administra-
tion, Langley Research Center, Hampton, Virginia 23665, under Grant NGL-36-008-138 to
the ElectroScience Laboratory, The Ohio State University, Columbus, Ohio 43212. Part
of this work was also presented at the 1972 International Antenna and Propagation Sympo-
sium in Williamsburg, Virginia, December 11-15, 1972, i

2professor of Electrical Engineering, The Ohio State University, Columbus, Ohio,



Shuttle is the reduction in cost of launching spacecraft into earth orbit and the transporta-
tion of men and supplies to and from orbiting space stations. Reusability is achieved by
allowing the vehicle to take off like a rocket and to land like an airplane. Thus, the Space
Shuttle will require a large number of antennas, since aircraft-type landing and navigation
antennas will be needed in addition to the usual spacecraft antennas. Moreover, since the
vehicle surface will be at extreme temperatures during atmospheric reentry, antenna
locations must be selected in regions where minimum temperatures are anticipated, as
well as in regions where structural impact is minimal,

Space Shuttle antennas must possess specific performance characteristics, that is,
radiation patterns, impedance, and so fbrth, in order for desired mission objectives to be
achieved. A purely experimental design approach for one antenna would be to {a) construct
many scale models of the orbiter, each model containing a proposed antenna geometry at a
proposed location, (b} conduct performance measurements, and {¢) conclude by selecting
the geometry and location giving the most desirable data. However, for Space Shuttle
antenna design, this approach has two disadvantages: (a) excessive time and cost are
required to construct many models and to conduct many measurements, and (b) changes
in the geometry of the vehicle, which is currently only in early design stages, would
necessitate the construction and testing of new models to determine whether the antenna
performance remains adequate.

A more desirable approach to Space Shuttle antenna design would be to apply theo-
retical methods which would provide some indication of antenna performance. Easily
adaptable to a digital computer, such methods could then be used to compute antenna per-
formance for a wide variety of conditions of antenna geometry and location on the vehicle
surface. The design parameters yielding desirable theoretical performance data could
then be used to construct a scale model for final checkout. Not cnly are excessive model
construction and testing avoided in this approach, but also the time required to ascertain
the influence of a vehicle geometry design change is significantly reduced.

The two basic theoretical methods believed to provide the most useful insight into
Space Shuttle anienna design are (a) the integral equation formulation (IEF) (refs. 1 to 5)
and (b) the geometrical theory of diffraction (GTD) (refs. 6 to 9). Both IEF (refs. 10 to 12)
and GTD (refs. 13 to 16) have recently been used with success in the design of spacecraft
and aircraft antennas, and the advantages and limitations of each method are well-
documented (ref. 17). Even though GTD and IEF are inherently useful for analyzing
antennas mounted on electrically large and electrically small bodies, respectively, the
nature of the Space Shuttle antenna design will require the application of both methods.
Furthermore, since there is usually a range of body electrical size for which both GTD
and IEF are applicable (ref. 17}, the use of both methods serves as a check case.



In this paper, an IEF recently developed by Richmond (ref. 5) hereafter designated
as the "Richmond Integral Equation Formulation' (RIEF), is briefly described and applied
to predict radiation patterns in both the pitch and roll planes of a thin VHF/UHF annular
slot communications antenna operating at several locations in the nose region of the Space
Shuttle orbiter. Radiation patterns computed by RIEF are given for selected cases.
Experimental verification for RIEF is given from radiation pattern measurements made
with 1/35-scale models of the Space Shuttle orbiter, and the merits and limitations of
RIEF for Space Shuttle antenna design are discussed.

The digital computer programs used for computing radiation patterns are given in
appendix A. Finally, an example illustrating the use of the programs is given in
appendix B,

SYMBOLS
a mean radius of annular slot
dr inner diameter of annular slot
dy mean diameter of annular slot
dy length of segment n
dO outer diameter of annular slot
E electric field vector in annular slot aperture
Ei electric field radiated by strip vee dipole i
E o radiation field
(1] N X1 ({(column) matrix of unknown dipole mode currents
In current per unit length at point Pp
i index of point, segment, strip vee dipole
JIDn surface current density along strip vee dipole n



En surface current density along segment n

i index of point, segment, strip vee dipole

k free-space propagation constant

N number of points, number of segments, number of strip vee dipoles,
number of simultaneous equations

N! number of coarse points

n index of point, segment, strip vee dipole

ny,ng,ng,ny,ng dimensioning integers

Py point of intersection between segments n - 1 (segment N for n=1)
and n

Sn orientation unit vector of segment n

tj distance from point Pj—l along strip vee dipole j

th distance along segment n {from point Pp

th-1 distance along segment n-1 from point P,_q

(V] N x 1 ({(column) excitation matrix

Vn voltage of point P,

X,¥ distances along X- and Y-axes

X,y vector notation for X- and Y-axes

Xn»¥n distances of point P, along X- and Y-axes

[Z] N X N matrix of impedance coefficients



Zij free-space mutual impedance between strip vee dipole i and strip vee

dipole j
@n,Bn - direction angles of segment n
A free-space wavelength
¢ reference angle
qbp pitch-plane reference angle
¢ roll-plane reference angle

CONFIGURATION

An annular slot antenna having an inner diameter of 48.37 ¢m and an outer diameter
of 58.31 cm and radiating over the frequency range of 150 to 400 MHz is to be considered
for operation at the points A, By, and Bg, as indicated in figure 1 on a diagram of the
Space Shuttle orbiter. The roll and pitch planes in which radiation patterns are to be
determined, as well as the roll-plane reference angle ¢, and the pitch-plane reference
angle qbp, are also defined in figure 1. Roll-plane patterns are to be obtained for the
annular slot excited at A (designated as case 1 throughout this paper) and at By (case 2),
and simultaneously excited at Bj and By (case 3). Pitch-plane patterns are also to be
obtained for the annular slot excited at A (case 4).

Since the orbiter is electrically large over the required operating frequency range,
a reasonable approximation is to assume the roll-plane pattern to be the pattern produced
by an annular slot located on an infinitely long, perfectly conducting cylinder of the same
cross section as the cross section of the orbiter in the plane containing the points A, By,
and Bg and perpendicular to the longitudinal axis of the orbiter. Similarly, it is reason-
able to assume the pitch-plane pattern to be the pattern produced by an annular slot
located on an infinitely long, perfectly conducting cylinder having the same cross section
as the cross section of the orbiter in the plane containing point A and the longitudinal axis
of the orbiter. However, since the size of the orbiter in the pitch plane exceeds the limi-
tations of RIEF, a foreshortened approximation (to be explained later) is used for the
pitch-plane cross section in order to make pattern computations.



INTEGRAL EQUATION FORMULATION

Richmond (ref. 5) has recently developed a Galerkin's method [EF sclution (RIEF)
and a user-oriented digital computer program for computing the radiation pattern of one
or more axial slot antennas mounted on a conducting cylinder of infinite length and arbi-
trary cross section. The slot antennas may be either narrow (with infinitesimal width) or
wide {with finite width). For simplicity, application of RIEF in this paper is for several
narrow axial slots mounted on a perfectly conducting cylinder, the geometry of which is
shown in figure 2. The electromagnetic field is assumed to be transverse electric (TE)
to the cylinder axis; thus, the radiation field consists of only the E¢, component. A
synopsis of RIEF is given in this paper; further details are given in reference 5.

In RIEF, the cylinder cross-section profile is initially subdivided into a specified
number N of straight segments, as shown in figure 2. The point of intersection
P, n=1,2,.. . N} of any two adjacent segmentsS n and n+ 1 isregardedasa
"'delta gap" across which a known voltage V, may exist for excitation of the structure,
Points for which V, #0 are interpreted as narrow axial slots so that in the subdivision
process any narrow axial slot on the cylinder is required to be located at a point of

intersection.

Segment n (n=1,2,. .., N) ischaracterized by the end points Py = (xp,yn)
and Pp.q = (%p41,¥n+1)> Segment length dy = [(xn41 - Xn)2 + (Yn+l - yn)2]1/2, and
orientation unit vector §, = cos a,X + cos fpy directed from P, to Pp,1, where
cos ap = (Xp4] - Xn)/dn and cos By = (Yp41 - Yn)/dn- For accurate radiation pattern
computations, all segments should be no gréater than A/4 in length where A is the free-
space wavelength. Accuracy is enhanced, however, if the length is moderately shorter than
A/4, especially for segments close to a narrow axial slot.

Any two adjacent segments represent the arms of a strip vee dipole; in particular,
segments n -1 and n constitute strip vee dipole n, as indicated in figure 2. In all,
there are N overlapping strip vee dipoles. A useful representation for the surface
current distribution on dipole n is the piecewise sinusoidal representation

— sin kt -1 -
IDnt) =1In W&;_lan (0 =tp-1=dp-1) (1a)

- sin k(dy - ty) ..
JDIl(t) = In —S]:W Sn (O = tn £ dn) (1b)

3gince the array of segments in figure 2 is a closed array of segments, the index
? +1 rn1115t be replaced by 1 for n =N, and the index n -1 must be replacedby N
or n=1,
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where t;_; is the distance from Py.] along segment n -1 and ty is the distance
from P, along segment n, and where k =27/x. From equations (1), the resultant
surface current distribution on segment n is given by

1 sin ktp + In sin k(dp - t )
[In4+1 sin ktp + In (dn “)]én (0 =tp =dp) 2)

 Inlt) = sin kdy

where t, is the distance from P, along segment n.

The end point surface current densities Iy (n=1,2,. . ., N) which are unknown
quantities are determined by solving the system of N simultaneous equations

[2][1] = [V] (3)

where [Z] isa N XN impedance coefficient matrix which can be determined (ref. 5),
[I] isthe Nx1 (column)matrix of unknown dipole mode currents, and [V] is the

N X 1 (column) excitation matrix, the elements of which are nonzero only for actual
slots. The Zj; {i,j=1,2,.. . N) in [Z] physically represent the free-space
mutual impedance between strip vee dipole i and strip vee dipole j under the condi-
tion for which the current distribution on each dipole is piecewise sinusoidal. Thus,

1 dj-1_ - dj — -
Zij = -_i-I_T S{) Ei(tj—l) . JDj(tj-l)dtj—l + S() Ei(tj) . JDj(tj)dtj (4)
where Ei is the electric field radiated by dipole i due to the current distribution jDi
given by equations (1) and evaluated on the surface of dipole j (the surface of and points
interior to dipole j are assumed to be replaced by free space), :I'Dj is alsb given by
equations (1), and tj is the distance from P;_q along segment j. Details for com-
puting Zj; are given in reference 5.

The solution for [I] yields the coefficients I, needed in equation (2) for the
computation of the current distribution on the cylinder. Standard techniques are then
employed to compute the radiation field E¢. Patterns are computed with the coordinate
origin 0 as the phase center.

REPRESENTATION OF AN ANNULAR SLOT

In order for the roll- and pitch-plane patterns of the annular slot in figure 1 to be
computed, subject to the approximations givén, the radiation pattern of a thin annular slot
located on an infinitely long, perfectly conducting, noncircular cylinder must be computed
in a plane perpendicular to the axis of the cylinder and containing the center of the



annular slot, as shown in figure 3. Under the assumption that the field in the annular

slot aperture is transverse electric and magnetic (TEM) to the aperture, E on any
radial line of the slot aperture is equal in amplitude and opposite in phase to E on the
diametrically opposite radial line. Consequently, application of RIEF for narrow axial
slots requires that the annular slot be simulated, as shown in figure 3, by an equivalent
array of two infinitely long, antiphase narrow axial slots of equal amplitude, and spaced
by the distance dpg = (df +dg)/2, where d; and dgQ are the inner and outer diameters,
respectively, of the annular slot.

EXPERIMENTAL MODELS

Two 1/35-scale models were constructed for obtaining radiation patterns experi-
mentally. The first model, shown in figure 4, is a cylindrical model having a cross sec-
tion similar to the cross section of the orbiter in the roll plane. The second model,
shown in figure 5, is a three-dimensional model with the side and front views clearly
showing the pitch- and roll-plane cross-section profiles, respectively. For the scale
models, the annular slot inner diameter scales to 1.382 cm and the outer diameter scales
to 1.666 cm, and the frequency ranged of 150 to 400 MHz scales to 5.250 to 14.000 GHz.
For each model, the location of the annular slot antenna corresponds to point A of figure 1;
consequently, the cylindrical model may be used to obtain radiation patterns only for
case 1 and the three-dimensional model may be used to obtain radiation patterns only for
cases 1 and 4.

Since RIEF is directly applicable only for two-dimensional models, the purpose of
the cylindrical model is to verify RIEF experimentally. The infinitely long cylinder
assumed in RIEF is simulated experimentally by a cylinder of length 39.04 cm, as shown
in figure 4. This length is 6.83 wavelengths at the lowest desired scaled frequency of
5.250 GHz,

NUMERICAL COMPUTATIONS AND EXPERIMENT

RIEF was applied to obtain computations of the radiation pé_tterns for cases 1 to 4.
Computations were made over the scaled frequency range for the 1/35-scale model. For
each pattern computation, only a coarse number N' (N' =N + 1) of points were initially
specified. The remaining points Py, particularly those in the shadow region of the
slot(s), were automatically selected with the aid of a spline curve fit procedure. This
procedure not only reduces the number of input data points but also is desirable in order

‘ flln this paper, frequencies given in GHz refer to the 1/35-scale models; and those
given in MHz refer to the full-scale structure,
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that a smooth profile be obtained, since in most cases the points must be read graphically
from drawings and inaccuracies in profile smoothness often result.

The digital computer programs which were used to obtain radiation pattern compu-
tations are given in appendix A. An example illustrating the use of the programs is given
in appendix B.

The upper limit of the perimeter of a cylihder which can be analyzed with RIEF is
dependent on the storage capacity of the computer used to obtain computations, which, in
this paper, were made on a Control Data Corporation 6600 computer at NASA Langley
Research Center. It was found that for this computer and for the auxiliary plotting pro-
grams employed, the maximum number of simultaneous equations which could be solved
without exceeding storage capacity was 180, Under this condition, the upper limit of the
perimeter is from 30 to 35 wavelengths, and the running time for a typical pattern
{19 increments) is about 100 seconds.

Roll-Plane Radiation Patterns

The roll-plane cross section in the plane containing the points A, By, and Bg is
described for case 1 by 154 points shown in figure 6. When these points are connected,
a polygon of perimeter 70.58 cm is formed, and 154 simultaneous equations are solved to
compute the radiation pattern,

The geometry for cases 2 and 3 is shown in figures 7 and 8, respectively, The
point locations in figures 7 and 8 are similar to the point locations in figure 6, except that
in figures 7 and 8 additional points were added in the vicinity of the sources. This proce-
dure is necessary to obtain more reliable data for cases 2 and 3. The perimeter, num-
ber of points and simultaneous equations, the scaled coordinates of the center of the annu-
lar slots, and the scaled coordinates and voltage strengths of the equivalent axial slots
are conveniently presented for each case in table I,

Experimental verification for the roll-plane patterns was achieved with measure-
ments made on both experimental models at 10,900 GHz (311.4 MHz). The results are
given in figure 9 where a comparison with theory is given. Computed radiation patterns
for cases 1 to 3 over the range of 5.250 to 13.125 GHz (150 to 375 MHz) are presented in
figure 10.

Pitch-Plane Radiation Patterns

Computations of the pitch-plane patterns (case 4) are more difficult, since the
perimeter of the pitch-plane cross-section profile varies roughly from 60 to 150 wave-
lengths over the desired frequency range. Under this condition, application of RIEF would
require the solution of a minimum of 300 simultaneous equations, a number which leads to



excessive computer storage requirements. The profile electrical size would indicate
GTD to be a more useful approach for this computation. Unfortunately, GTD is not easily
applicable to this profile, since practical use of GTD is limited currently to profiles con-
vex in shape.

However, since patterns are of interest primarily in the lit region and in the for-
ward direction, the portion of the pitch-plane cross-section profile from the back of the
cockpit to the tail may be ignored by closing the cross section, as indicated in figure 11.
The result is a polygon described by 178 points, leading to a system of 178 simultaneous
equations. (See table I.) A computed pitch-plane pattern for the geometry of figure 11 is
given in figure 12, with experimental verification obtained from the three-dimensional
model of figure 5.

DISCUSSION OF RESULTS

The reliability of computing prineipal-plane radiation patterns of thin annular slots
mounted on a spacecraft, such as the Space Shuttle orbiter, by use of RIEF and the
approximations made is enhanced by the excellent agreement between theory and experi-
ment shown in figures 9 and 12, It is evident from figures 9, 10, and 12 that a null occurs
in the lit region on the normal to the plane of the annular slot aperture, and that major
lobes occur at roughly 60° on either side of the normal, This result is generally true for
a thin annular slot of mean radius a mounted on a ground plane of infinite extent and
having a value of ka = 2, pattern breakup oceurring for larger values® of ka, (See
ret. 18, pp. 8-8 and 8-9,)

If the annular slot is located at A, figures 9 and 10(a) reveal that ground coverage
is poor, especially in the shadow regions. An improvement in ground coverage is
achieved, as indicated in figure 10(b), if the annular slot is located at By {or B2), but
coverage is asymmetrical unless both locations and a switching arrangement are used.
However, symmetry is achieved if the annular slots at By and B2 are excited simultane-
ously, as indicated in figure 10(c), but pattern breakup is evident, as is generally encoun-
tered for arrays of widely separated antennas on electrically large bodies. Obviously,
excellent ground coverage would be achieved if an annular slot were located on the under-
side of the orbiter, but this location is undesirable because of the excessive heat antici-
pated during atmospheric reentry. Figure 10 reveals that not only is the ripple structure
{iner as the frequency is increased, but also the fields in the shadow region are relatively
weaker; that is, shadow boundaries are more sharply defined. Finally, figure 12 reveals
that desired forward direction coverage results if the annular slot is located at A,

dMaximum value of ka = k(dpn/2) for the annular slot in this paper is 2.25 at a fre-
quency of 400 MHz.
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It was noted that for all cases the phase of the radiation field fluctuates through
many cycles, particularly in the shadow regions, as either ¢, or bp is varied from 0°
to 360°. This result is generally true for antennas on electrically large bodies.

CONCLUDING REMARKS

In this paper, a digital computer program based on a two-dimensional integral equa-
tion formulation (Richmond Integral Equation Formulation) was applied to predict radiation
patterns of annular slot antennas mounted on the Space Shuttle orbiter. The excellent
agreement between computed patterns and patterns obtained from measurements made on
1/35-scale models supports the use of this approach for future similar spacecraft or air-

craft antenna design problems.

By use of the Richmond Integral Equation Formulation, additional radiation patterns
may be predicted easily as the design parameters of the orbiter or antenna are changed;
thus, it is insured that proper radiation pattern coverage is maintained from design to con-
struction. The Richmaond Integral Equation Formulation may alsoc be readily applied to
predict patterns of other antennas .of interest such as slot antennas., If antenna arrays are
considered, the solution to the set of simultaneous equations automatically includes mutual
coupling effects.

Although limited by computer storage requirements, the Richmond Integral Equation
Formulation is characterized by ease of input data points describing the profile and antenna
to be analyzed. In contrast, the use of-geometrical theory of diffraction requires a much
more critical selection of input data points and equations describing the body surface
between any successive pair of points, since smooth functions of the radius of curvature
and its arc length derivatives are required.

Langley Research Center,

National Aeronautics and Space Administr'ation,
Hampton, Va., March 25, 1974,
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APPENDIX A
DIGITAL COMPUTER PROGRAMS

The purpose of this appendix is to present and to describe the use of the digital com-
puter programs employed to obtain computations and plots of the radiation patterns for the
Space Shuttle annular slot antennas described in the text. As indicated in the text, the
pattern computations and plots obtained by use of RIEF (see fig. 2) require a knowledge of
(a) the X- and Y-coordinates of the end points of the segments used to approximate the
cross-sectional profile of the orbiter in the plane in which the pattern is to be computed,
and (b) the voltage strengths and the point indices of the equivalent narrow axial slot
antennas representing the annular slot antennas. It should be noted in figure 2 that the
end points of the profile segments are indexed in a counterclockwise direction, the first
point being located at ¢ = 09.

It is also indicated in the text that only a coarse number of points are specified ini-
tially and that the remaining points are generated with the aid of a spline fit procedure. In
this appendix and in appendix B, for the sake of nomenclature, an initially specified point '
is designated as a ""coarse point,"" and the index of the coarse point as the "coarse point
index." Any one of the end points generated by the spline curve fit procedure and required
for the computation of a radiation pattern is designated as an actual point” and the index
as the "actual point index,"”

The N' coarse points are defined and are indexed in the same manner as the N
actual points defined in figure 2. However, coarse point N' is located and specified at
the same point as coarse point 1. After the gpline {it procedure is applied to generate the
N actual points from specification of the coarse points, it will be found that the actual
points consist of all the coarse points (except coarse point N') and additional points
located between any two consecutive coarse points. If it is desired that the coarse points
and the actual points be identical, then N'=N + 1. Under this condition, no points are
generated between any pair of consecutive coarse points, If the spline fit procedure is
used to generate additional points, however, then N' =N + 1.

The main program and all supporting subroutines used for analysis of the Space
Shuttle annular slot antennas are given at the end of this appendix. This program requires
a specification of the following data: (a) number of coarse points N' and the X- and Y-
coordinates of each coarse point, (b) the indices of the coarse points at which the eguiva-
lent narrow axial slots are locatre.d,6 (c) the voltage strengths of the narrow axial slots,

6A narrow axial slot is required to be located at a coarse point; conversely,
coarse point is required to be designated at a narrow axial slot.

12



APPENDIX A — Continued

(d) the initial frequency, the incremental frequency, and the final frequency of the fre-
quency range over which radiation patterns are to be computed, (e) an array of integers
which indicate the number of segments that are to be generated between any two consecu-
tive coarse points by means of a two-dimensional spline fit method, and (f) the coarse
point index at which the spline fit is to be initiated.”

After these data are specified, the main program calls subroutine SPLFIT, which, in
turn, calls subroutine SPFIT2, to generate the'X- and Y-coordinates of the N actual
points from the spline fit procedure. The main program then calls subroutine CVRTV to
convert the coarse point indices of the narrow axial slots to the actual point indices as
defined in figure 2. After calls to subroutines SPLFIT and CVRTV are made, then the
main program, as a function of frequency, converts the X- and Y-coordinates of the N
actual points from units of centimeters to units of wavelength and calls subroutine TESLOT
to compute the radiation pattern, '

Subroutine SKETCH is a subroutine which generates instructions on a magnetic tape
used to drive the CalComp (California Computer Products, Inc,) plotter, Called by the
main program, subroutine SKETCH plots the set of N actual peints describing the cross-
section profile. A call to subroutine SKETCH produces a plot similar to the plots given
in figures 6 to 8, and immediately below the plot a scale is given. For the first call to
subroutine SKETCH, the X- and Y-coordinates are in centimeters, and the scale is in
centimeters per inch {on the plotting paper). For the remaining calls to subroutine
SKETCH, the X- and Y-coordinates are in wavelengths, and the scale is in wavelengths

per inch (on the plotting paper).

Subroutine DBPLOT is a subroutine also used to generate instructions on a magnetic
tape for driving the CalComp plotter. At each frequency over the range of frequencies for
which a radiation pattern is desired, subroutine DBPLOT produces a polar plot of radia-
tion field magnitude, in decibels, against ¢p or ¢, and a rectangular plot of radiation
field phase, in degrees, against ¢p or ¢

The programs given apply for obtaining computations and plots of radiation patterns
of, in general, a set of narrow axial slot antennas (or annular slot antennas, each of which
is represented by a pair of narrow axial slots) mounted on a cylinder of arbitrary cross
section. In order to use the programs, the user is required to have additional knowledge
of how the input data are set up for transmission to the main program and to have a knowl-
edge of how the arrays in the main program are dimensioned,.

7The point at which the spline fit is initiated is chosen to be in an approximately
linear region Qf the profile.

13



APPENDIX A — Continued

Input Data

All input data are read in through the n{ain program, The first input data card con-
tains the following quantities: NPTIN, ISTART, NPORT, MADM, KI, KWRT1, KWRT2,
KWRT3, ISKIPP, ISIZEP, HPAT, FMCO, FMCD, and FMCF. The quantities are defined

as follows:

NPTIN

ISTART

NPORT

MADM

EWRT1

KWRT2

KWRT3

ISKIPP

14

Number of coarse points describing the cross-section profile (NPTIN =N + 1,
where N = Actual number of points, as defined in fig. 2)

Coarse point index at which the spline fit is to be initiated
{1 =ISTART = NPTIN)

Number of narrow axial slots (1 £ NPORT = NPTIN})

1 or 0. For MADM = 1, the short-circuit admittance matrix for all ports
(that is, narrow axial slots) is computed. For MADM = 0, this computation
is avoided. ({In this paper, MADM =0 for all computations)

number of angular values of qbp ar ¢r at which the radiation field E¢ is
computed (KI = 361, which is used for all computations in this paper, gives

pattern computations in 19 increments)

lor 0. KWRTL =1 gives a write out of the X- and Y-coordinates, in wave-
lengths, of the N actual points and the distance, in wavelengths, between
any two consecutive segments. KWRT1 =0 avoids this write out

lor 0. KWRT2 =1 gives a write out of the real part, the imaginary part,
the magnitude, and the phase of the radiation field E(fJ for each of the KI
angular values of (pp or ¢r. KWRT2 =0 avoids this write out

1or 0. KWRT3 =1 gives a write out of the value of Ey in decibels, the

normalized value of Eg, and the phase of the radiation field E¢ for each

of the KI angular values of ¢p or ¢y, The value of Eg indecibels and
the normalized value of E¢ are with respect to the maximum value of E ¢
occurring among the KI values of Eq; computed. KWRT3 =0 avoids this
write out

Integer required for obtaining radiation pattern plots. ISKIPP is positive for
line and symbol plots, and is negative for symhbol-only plots. The magnitude
of ISKIPP specifies the alternate number of data points at which a symbol is
plotted
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ISIZEP 1,2, or 3. ISIZEP =1 produces small size symbols, ISIZEP = 2 produces
medium size symbols, and ISIZEP =3 produces large size symbols

HPAT A floating point number that is five times the radius, in inches, of the polar
plots to be made with subroutine DBPLOT.

FMCO Initial frequency, in MHz, for which pattern computations are to be made
FMCD Incremental frequency, in MHz, for which pattern computations are to be made
FMCF Final frequency, in MHz, for which pattern computations are to be made

After the first data card is read in, a set of NPORT data cards is then read into the
main program. On each card are specified the port index I, the coarse point index JVGS(I),
and the complex voliage strength VGS(I) of the Ith port (that is, the Ith narrow axial slot).

Next, a set of NPTIN data cards is read into the main program. On each card is an
identifying integer IGNORE, the X-coordinate PNTIN (I,1), in ¢m, and the Y-coordinate
PNTIN (I,2), in cm, of the Ith coarse point.

Finally, the IDIVD array of integers is read into the main program. The IDIVD
array of integers is a set of NSEG = (NPTIN - 1) integers INDIVID() I=1,2,. . ., NSEG)
which specify the number of segments that will occur between any pair of consecutive
coarse points as a result of the use of subroutines SPLFIT and SPFIT2. Specifically, if
IDIVD(D) = IX, then IX segments will occur (or IX-1 points will be generated) between
coarse point I and coarse point I + 1, All segments between any two consecutive coarse
points are approximately equal in length, which should be no greater than A/4 at the high-
est frequency for which radiation pattern computations are desired. It should be noted
that the sum of the NSEG integers in the IDIVD array is equal to the number of actual seg-
ments and points N generated for use in subroutine TESLOT. As noted in the text, this
number should not exceed 180 if the Control Data Corporation 600 computer at NASA
Langley Research Center is employed. If the generation of spline-fitted points is desired
to be avoided altogether (that is, the coarse points and the actual points are identical,
except that coarse point N' is omitted), it is necessary only to set all NSEG integers
equal to 1 in the IDIVD array. Under this condition, the N + 1 coarse points become the
N points required by subroutine TESLOT for computation of the radiation pattern.

Dimension of Arrays in the Main Program

In some applications, the user may wish to change the dimensions of the arrays in
the main program. To change the dimensions, define the following integers:

15
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nj maximum number of actual points (and simultaneous equations)

ny maximum number of narrow axial slots

ny maximum number of angular values for which radiation patterns are desired
n4 Z n3 + 2

ng maximum number of coarse points

Then the following statements must appear in the main program:

PROGRAM MAIN (INPUT, OUTPUT, . . .)

COMMON/BLK1/KNTPLT, XNEW, YNEW

COMPLEX VGS, C, CJ, EPP, YMMHO, ZINPUT

DIMENSION X(ny), ¥(ny}, XC(ny), YC(n1), VGS(ng), IVGS(ng),
1 D(ny), C(ny,nq}, CI(ny), EPP(ny), YMMHO(ng,ny),
2 THTA(ng), AEPHI(ng), RATIO(ng), PEPH1ng), AEY(ng),
3 XW(ny), YW(ny), PNTIN(ng,2), SPNTIN(n5,2), IDIVD(ng),
4 ELEN(n5), COEF(ng,4,2), XPNT(n; ), YPNT(n), JVGS(ng)

MAXP = ng

MAXCO = ng

MXNPT = n,

MXPORT = n,

CALL CALCOMP

CALL LEROY

KNTPLT =0

END
16
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For the main program ny corresponds to 170, ng to 4, ng to 723, n4 to 725,
and ng to 57. A restriction is that the sum of the NSEG integers in the IDIVD array
must not exceed the value of ny.

Main Computer Program for Obtaining Computations of Space

Shuttle Annular Slot Antenna Radiation Patterns

PRUGRAM MAIN(INPUT 20UTPUT 2 TAPES=INPUT,,TAPES=0UTPUT]
Ja EARL JONESy ARS=TRE~FILs PHUNE 3€31, MAIL STOP 490-—NASA45EGT(

e e L e T L T T T N T T I T TR TIPS E T TR TR 13 "3

i+

¥

PURPUSE -TO SET UP INPUT oATA TOU SUBROUTINES TESLOT AND CGBPLOY
T3 CeTAINs LVER A RANGE CF FREQUENCIES, RADIATION
PATTERN CALCULATIGNS AND PLOTS AND TO CBTAIN YHE
SHORT CIRCUIT acCMITTANCE MATRIX OF AN #RRAY OF TE
S5L0TS ON A PERFECTLY CONDUCTING CYLINLER CF ARBITRARY
CROSS SECTICWN

OEFINITIENS  FMCO=INITIAL FREWUENCYy MH/
FMCO=INCReMENTAL FREQUENCYy MHZ,
FMCF=FINAL FREGUENCYy MHZa

*

*

-

*®

*

¥

®

*

*

*

*

* NPOINT g MANP Ty NPORT g MAPORT g MAUMpKI s KWRTL 4 KWRT2,
x KmRT S e VLS s I WG Seanpg Y Moy THTASAEPHLy RATICPEPHYL ¢ YMMHT,
L LINPUTy ANLU LPTEPH ARE DEFINED IN SUBROUTINE

* TESLOT. ISKIPP4ISTZEPs AND HPAT ARE LCEFINED IN
* SUBROUT I[Nk LCbBPLUTS

-

%

#*

*

e

-1

E

#

*

If ANALYSES GULLURS OVER A RANGE OF rREWUENCIES,
VALJUES IN Xw AND YW ARE INITIALLY READ IN IN CMe
ANU THESE walLuk$ ARE STUREC IN XC AND ¥Y( ARRAYS.
I+ EITHER FPCL, FMCUy OR FMCF ARE SET TU A
NEGATIVE VALUE, THEN VALUES IN xw AND Yw ARE
UNUERSTCLY TU Bt REAC IN IN wAVELENGTHS

OB OR O %4 # B H R A KRR EEE AR R

LS S RS S B AR E R R LR EL RIS AR RREE R AR s RSS2 Rl YL

aNeEalalalalelaNeisNsNalalelolaaNalaFalaNa N ol N ol alelalallel

COMMAiv FABLKLS KNTPLT pXNEny YhEwW
COMPLEA wGSeCpCJ pEPPyYMMHO 4 ZIwPUT
VIMENSTON R{ITC) g YURTO ) o XC{LTO e YL (1T01svGS{L)4IVGSLL),
L Ll l7Ch 200170 LT7C o CULLTC) PP LLTO) 9 YMMHC (444 )
e THYALTZZ) o AEPRLIUTES o RATICGL 7)o PEPHLITZE )4 AEY(TZS ),
S AWl ITOh o YWELTC) o PRTINIST pcd o SENTINMIST 92 o ILTIVO[5T )y
G ELENTZTIgCOEFES Tabyc b g APNTLULTON p ¥FNTILT0) 9 dVESIG )
TMAAP=5T
MAXC=ET
MANFT=1TO
MAPDORT =4
CALL CALCOMP
CALL LERDY
KNTPLY=0
KTv=l
L HEAU(S»131) NPTINgISTART sNPURT sMADPM s KT yKWPTLKwRT2yKnRT3,
L TSKTIPPyI51ZcP pHPAT e FMCI s FMCUpFMLF
TFIEUFIE) 446
& TE{RNTPLTabGaC) LO TU ¢
CaLl CALPLT(ANERy YNEwWy =955}
3 STAp

17
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& CUNTINULE

10

il

12

14

13
20

1

1

1

Fa
2

TF{IrMCUslbeOe o CRe (FMCUSLEsUe o UR s IFMCFelEaQabd KTY=0
REAU(T ¢ 137 (T19dVGSI LI gvuS{l)el=14NPORT)

ReAC(Sy134) (LOGNUREpFNTINIIp L) o PNTINI{I2)4I=14NPTIN)
NSEG=NPTIN=-1

REAULZy108) (TUIVOIL)Ysl=1eNSEGI

CALL SPLFIT(MAAPyMAXCCyNPTINyISTARTyPNTINGICIVO4ELER,
COEFy SPATINyXPATy YPNT o APCINTr Avig Y )

CALL CVRTYUINPTIKyNPORT pJVLSyIaIvD,y IVGS)

wRITE{E+200)

ARITE{69204) NPTENgISTART

#R1ITE(S,208}

wRITE(we206)

WRITE{w 1081 (10IVO(])el=s1lyNSEGE

wWRITE(Gy208)

WRITE(S 4201}

WRITE{oel5)) NPCINTaMANETyNPCHT ¢yMXPORT ¢ MADM KTy KWRTL,
KR TEg K WRT 3y ISKIPPy ISIZEP ¢y P ATy FMCT  FMCD L FMCF

WRITE (&4 2081

IFEKTVeELeO) 1LNITS=¢

[ lRTveEdel) TUNITS=]

CALL SKETCHORAW pYmyNPUOINT yHFATsLe 22913 1UNITS)
IFIKTVeEQe D1 GC YO l&

VO 10 I=1pyNPUINT

ACLL)I=Xwll)

YOOI =YWil}

CONTINUJUE

WRITE(S,4209)

WRITE(€ 2103

wRITELGPI52) (19 xCUT)yYC{1)pI=1yNPOINTY

WRITE (S 2001

ARITElL,202)

FMC=FMCO

WVL =30CC0. FFMC

WRITE(Ey2l1) FMCywvL

U 12 1=1e NPOTAT

Kwlli=xCUlI}/nyl

Ywl(li=YC{1)/mVL

CONTINUE

WRITLIE4208]

CALL SKETCHIXw pYweNPCINT 4y HPAT 19224120

CUNTINUE

CALL TESLOGTUANPCIAT yMANPT ¢ NPORT ¢MAFORTy MACMpK Iy
EWHT Ly KWRT 24 KWKT2,

A Y VoS s EVG S e Xg Y el aCyCu sEFF»THTAGAEPRLyKATIOWPERPHL
YUy ZIMPUT e LEFTEPH)

TF(LFTePraL de) GO TU LB

CALL OBPLOT (HPAT gkl g ISKIPPsISILEP s THTAWAEPHY W AEYy PEPHL)

GC TL <0

ARl Teloe22¢) LPTEPH

CONTINJE

WRITE (4420061

WRITE(sp2iB)

WRITLLSe21G}

QU 24 [=14NPURT

DI e4 J=LyNPCRT

ISCRPT=IVGSEL)

JSCRPAT=IvaStJ)

ARTTE (S 9 154) TSCRETH Iy JSCRPTy Jy YMMHE [T 44)

CONTI NJE

[HFINPOKT LT L)1) GG TC 28

wRITELL 9208}

arlTe (&9222) ZINPUT
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23 [FIKTV.EGeD)r GC TO L
FMC=FHC+FMCD
WRITE (& 9202)
IF{F4Cs LEa FMCF ) LG Tu 11
GO Tu 1

101l FURMAT(L10I54+F54043F TG}

102 FORMAT{Z2154+2F1Ce0)

LO4 FORMAT({IS.2F104C)

108 FOFEMAT(4012)

151 FORMAaT(LlLlITeFTaceoFTal)

152 FURMAT{I 1Oy 2Fl5.4)

154 FORMATIILZ+317+2Fl648)

200 FORMAT (110H A ek e ke e s ok B0 ak ol ok 0K R kOl o ol % e ke e e e e ok e ol ol ol o ok ok o ok e e ol e o g e e ol ool 0k
]_##tt*#tltttt#ttt*tt*t**t####*t#**t#*#* ttttt*tttt*ttttt*,[ H

201 FORMATILI5H NPOINT  MXMPT  NPCRT MXPORT MADM ki KWRT1l KwRT
12 KwRY3 ISKIPP ISIZEP HPAT FMCD FMCD FMCF)

202 FORMAT{LLOK —=—— e o e e e o o o o — e

206 FORMAT{L1A6HNPTIN=1243X) TRISTART=124/1)

296 FORMATI1Xy18HIVEVD ARRAY VALUES:/)

208 FURMATL( /)

209 FORMAT(L13xne 1 BHLECCATIUN CGF PCINTS)

£19 FUORMAT(S5 Xy 35HPCINT Xy (CHe Yy CMe /)

211 FURMATLSXyLOHF REQUENLY=FTa ag%H MHZ 3 /o5 Xe L LHWAVELENGTF=FTe 2¢2H CMo )

218 FURMATISXAp 21HSHIRT-CIKCUIT AUMITTANCE MATRIX, /)

219 FORMATISXe6QH PCINT PURT  PUINT PORT Gy MILLIMHGS By MI
1LLIMHAS)

222 FOIMAT( SRy dHLINPUT=(F1lCa B8y lHpFloe BetH) CHMS, /)

24 FPORMATISXy THLFTEPH=T.241&H FUR THIS CASE. /)
ENU '

Subroutine TESLOT

SUBROUT INE TESLLTUINPLCIRNT y MANPTyNPORT ¢MXPORT g MAOMy K,
RARTLeKWRTZyKWRT3,

AngeY Wy VQS'[VujS.K.Yyi.hC,CJ‘.EPP.THTA..&EPHL.R&TlU,PEPHl,
YMAHDy ZINPUT S LPTEPH)

(WS N A=

A R e e PP
- ‘

*= PURPLSE TO CALCULATE ThHe RAUIATICN PATTERN AND TC CALCULATE

L Thi SHORT CIKCUIT AuMITTANCE MATRIX DF AN ARRAY OF TE
SLCT ANTENNAS LCCATEU ON & PERFECTLY CCNDUCTING
CYLINUER GF ARpITRARY CROSS SECTION

#

*
L]
x
E
-3
&
INPUT DATA  NPUINT=huMsBbR CF POINTS OESCPIBING THE CYLINOER %
MANPT=MAAEMUM FERMISSIBLE NUMBER OFf POINTS ¥
NPORT=NUMBER UF 5L0T ANTENNAS IN THE ARRAY *
MAFORT=MAXATMULM PERMISSTISLE NUMSER DF SLOT ANTENNAS *

MELM=1 [F SHCKT CIRCUIT AUMITYANCE MATRIx 1S TC BE =

COMPUTELy O FOR N} CCMPUTATIGNSe MATRIX IS *

ALnAYS LCMPUTED IF NPORT=1, HOWEVER. =

KI=NUMGER UF KAUIATICN PATTERN POINTS TC HE COMPU- *

TEL/ PLUTTEL PER (ASEs FOR F DEGs INCREMENTS x

SCT Ki=72+iy FUR & UEGe INCREMENTS SET KI=9C+1l, *

FOR 2 UcLs INCREMENTS SET KI=120+1ly ETC. %

KwRTYl=L rOR #APITEUUT CF ARPAY 0OF POINT LOCATIQONS. *
ANL ARRAY UF SLCT ANTENKA LOCATIDNS *

C FLR NG wrITEOQUT *
KiniT2=1 FUR WwRITEUUT OF RELATIVE RACIATION PAYTERN,*
v Furk NU wWwkITEQUT *

L B R R R B NE R

19
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*
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*
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“WRT3=1 rOK wRITEGUT OF LB RAUIATION PATTERN,
Aw=ARBEAY LF X—-VALUES OF CCCRDIMNATES, WAVELLNGTHRS
Yw=ARRAY UF v=vAalUES OF COCRUINATES,y wAVELENGTHS

VuS=ARRAY OF vaALueS OF SLUT VCLTAGES
IVGS=AKRAY UF VALUES OF THE LCCATICNS (CORPESPNN-

ArYeuelsCJeEPP ARE ARKAYS LStU FOR INTERMEUIATE CALCULATIDNS
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APPENDIX A — Continued

o FORr NO weITEOUT

Uiho TG THOSE IN THE XW ANL Yw ARKAYS) OF THE
SLLT vOLTAGES [N THe VGS 4RRAY

THTA=ARKA2Y CONTAINING ThHE ANGULAR VALUES
(LEGREES) FOR wHICH THE RAUTATICON FIELD IS
TO e PLUTTED, THTA{11=0a9 THTA{KI}=3€0.
AEPHL=ARRAY Ot MAGNITuUDE VALUES {(0B) CORRESPONOING
TC ANGULAKR VALUES IN THTA ARRAY

PATIO=ARKAY OF VALUES OF (E/fEMAX]) CORRESPONUING
TG ANGULAR VALYUES IN THTA ARRAY
PEPHl=ARKAY UF PHASE VALUES (DEGREES)
CLRRESPUNUING T ANGULAR VALUES IN THTA
ARRAY
YMMHU=SHLRT LIRCJIT ADMITTANCE MATRI X, MILLIMHOS
LINPUT=INPUT LIMPEDANCE, ChMS {CNLY FCR NPDRT=1)
LPTeFh=l INRLICATES A RAUIATION FIELL PLCT FOR USE
In UBPLOT whS CCMFUTEUs O INDICATES THERE
mhS NU RKaulAYEL FLELLy AND FRENCE NO PLOT
wAS CCMPUTED

B ot M # M G 4F 4 % H 3 % S % R RO BN H OB H R R e R R

IN CalLING PRUGRAMy VGSeCpCJeEPPs YMMHC,AND ZINPUTS
MLST ok TrPLy CUMPLEXe ARRAYS XWyYweXyYoUEPPy *

ANU CJ MuST BE ODIMENSICNED wlITH THE VALUE OF *
MXPNT AL € MUST BE UGIMENSTIONEU AS CIMAPNT MXPNT}*
IN CALLING PRUGRAM, ARFAYS V¥GS AND IVGS MUST *

BE UIMENSIONEU wITH THE VALUE OF MAPORT AND YMMHO®
MUST 8t OIMENSIONED A5 YMMHC(MXPCRT,MXPORT) IN *
CALLING PROGRAM, FOR PLOT PURPOSES, ARRAYS THTA,#
AEPHL¢RATIC, ANU PEPHL MUST BE DIMENSIGNED AT *
LEAST AS LARGLE AS THE VALUE (KI+2) IN CALLING
PRGGRAN,

*
*
*
*

COCMPLEX VOGS YMMHOgCJgCyEPP yCuTyEPSy ZINPLT

CUMPLEX PllsPl2yCllswlzyQilywcZeEPL4EP2

DIMENSIDN X{Ll)eY{liau(lhpVGS{LIyIVGSILIsCIMANPT 11,
1 CJUL) o YPMHDIMXPORT 9 L) 4 EPP (i) 2ALPHLIL) yRATIT(L ) ¢ PEPHL (LI
2 THTA(L)y XWll)yYnil)

N=NPOINT
TDM=MXNPT
INT=10
CMAX=1leE-12
SAT 2=54RTL 24 )

PI=1e 141592653 5E57S3

TP=2e*P1]
RLUN=P1/180.
ETA=376a727

CUT=—Ze ®SUT2/(ETA*[laylal)
ZINPUT=CMPLX(QapCa?

D0 23 I=1sN
IP=1+1
If(laEdaN) IP=1
Ua=dWiIP)=-XW(II
LY=Yw {IP)-YW(]}

QUL ) sSURT{OAZD X+0Y*0Y)



20

8G1

802
803

804

22

25

199

15Q

150

APPENDIX A — Continued

CUNTINUE
IFIKnRT1eEGe Q) GO TO 804
WRITELS4601)
ARITELE,7OLE N
WRITE(6y001)
WRITE(EsTO2)
WRITE (5, 703)
WRITELGs501)
L0 B804 [=1,N
D 801 J=14NFGRT
15CAPT=1VvGS(J)
IF(ISCHPTaEWel] GG TC 8UZ
"CUONTINUE
ARITE(&yE03) TeXwlllevall) ull)
G Tu B8C3
WRITE (o6 0%t ToawlI)yymwiT)pull)s ¥G5(J}
IF(IalLTaN) GC TO 8C4
WRITE{S5 6011
CONTINUE
D0 22 I=1¢N
At i=TE*Xnll}
Y{Ili=Te*ymull)
CLIy=TP%x0LT)
CONTINUE
U0 25 [=1pNPURT
DC 25 J=leNPOURT
YMMHOD(T 9 J) =104 906
CONTINUE

DO 103 I=l,sN

00 100 J=1l4N
C‘I'J'=‘00100)

CUNTINUE

D7 1303 1=1sN

CAaLL SHiMLIOLI) 4P1L,PLlel
Cilel)=Cils]IN+PL1

J=I+l

{F{leEWaNIJ=1
Cldedi=C{Jed}+Pl1
CllyJi=Cl{Elgd}+PL2
Cldeld=CllyIdePlLe
CUNTINUE

Ul 220 1=14N

Fl=l

IM=1=1

IF(Tetwsl)IM=N

P=1+¢l

[FiTeEde™N)IP=1

ul=ulll -

uM=0({[M]}

CALL SAMUACEM) sYUIMI p X011 oY LI XU IP)pYL{IP ) yUMeTTy
ZINTpdllpulesnclenzl)
CllaTi=Ctild+21
ClIMy I)=C(IMyl)egll
Colme IPY=CUIMy IPI#LLE
CEleIPt=CllyIP)+wis
UKk=(umM+DLI/ 2

U=l 004 %ABSIDT=LM} /UK
IF(VUueLlTa32 160 TO L&
CALL ZoAM2IXCIP oY UIP oA (T oY il da X UIMI oY (IM) T 20M,y
ZINTgullegi2ewilaicd)
CUNTINUE
ClIel)=ClI,aI0+021
ClleIM)=ClI iMI+G22
ClIp, Ly=ClIPsI+LlL
CUIPy M) =CLIPy IMI+Lle

21
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279

240
250
269

2568

271

274
215

217
280

283

286
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CUNTINUE
IF{Nag LT %} 0 TO Za0
N1l=N-1

Ne=N-2

Nog=N~-4

D0 250 J=1leN1
I=4-1
lFlJsEuell I=N
Fl=1

ui=341)
Ai=XK{1]}
¥i=vI(1}
X2=X{J)
YZ=viJ)

KA= J+1
Kb=KA+Ng

U0 240 K=KAsKB
IFIKa GTaNIGDY TO 240
FK=4&

URIUK)
X3=xX(K)
Y3=Y{K}

L=k +}

IF{Ke EQaNIL=1
AG=X{L)
Y4=Y{ L)

CALL 5:4“3()(1'\"11)\2'72' A3p¥ 3y 2y "f'D[QDKiﬁlllQIZQQZIQQEZI

Clipnl=CilI KI+L11l
Clael)=ClasLeize
CilyLd=CiIeLd+qlz
C(Jfl(l:C{J'K)"ch

CONTI NUE

CONTINUE

CUNTINUE

KLCRT=(C
TF{{MAUMeEwa O) o iRa INPORT Ak Wei)) GU TC 268
NAD=1

DO 283 JJk=1yNPCRT

KLCRT=RLCRT+1

ISCRPT=IVLSTJIX)

L3O 2E5 1I=1,N

CJ(II-“‘D.'O.I‘

CONTINUE

CIUISCRETI==VGSI1JIX)

GO TO 273

NAD=D

KLCRT=KLCKT+1

00 271 I=1,n

CJUIN={0490Qa}

CONTINUE

LO 274 1=1,NPORT

ISCRPT=LVGS(I)
CJUISCKPT ) ==VGLS5(1}

CONTINUE )

EFIKLCRT4GTAl} GG TO 277

CALL CROUTI(CsCuyhelOMeO201}

60 Ty 280

CALL CRCUT2(CsCJaeNyIDM,2401
IFINADLJEYL0) GO TO 286

VU 285 JJY=14NPCRT
JSCRPT=1VvGSLJIY]

YMMHO{JJYe JJX)=1000e*(CJI{JSCKPTI/VGS{ISCRPT) )
CONTINUE

GO TD <68

[FINPORTL:Tel) GO TOD 249

YMMHU{Llp 1) =1 G000« *(CJ{ISCRPT)/VGSTLTISCRPT))
ZINPUT=CMPLXLLCCCayOa 3 /YMMHG (L y1)



289

L0

38%

3853
187

EL-T-

290

423
424

CUNTINUE

KIM=K]=-1
DPH=3604/FLOAT(KIM)
AEPHM X =0,

U0 350 NPH=1,KI
FPH=NPH=1
PHS=UPH*FPH
THTA(MPH]=PHS
PHR=4 QL T4533%PHS
CPH=COS(PHR) -
SPH=SIN({PHR}

00 390 I=14N
EPPII)={eDeeD)
CONTINUE

DO 350 I=14N
XA=X{1}

YA=Y(1)

IP=1+1
IF{letbtwaN}IP=1
AB=A(IP}

YE=Y{ 1K)

ou=i(T)

CALL UFFLAAsYDAgAlyYE
EPPL{lI=EPPLI)I+EP]
EPPLLIPI=EPPLIPI+EPE
CONTINUE
EP5=‘¢U'QGJ

Ju 384 I1=1¢N
EPS=tPS+CJ{II*=EPFII}
CUNTINUE
EPAH=CABSIEPS)

APPENDIX A - Continued

Yl e CPFRy SPHp EPL4EPZ )

[FIEPAB. GE« AEPHMX) AEPHMX=EFAUY

AEPHL{NPH)}=EPAB

KEPS=REALIEPS)
XEPS=AIMAGLERSI

TF(EPtBaLEaCH¥A XY GG TC 385
PEPHLINPHY=ATANZ{ AEFPSs REPS #/RUN

GL Tu 387

PEPHL (NPHI=0,

CUNTINUE

IFIKwWRT ZaElled) GU TQ
IF(NPHaUTaL) GU TN
WRITE{59401)
ARITE( &4 710
ARITE(SsCOL)
ARITELLyTLL)
ARITE{6:&0))

WRITElGy 5051 THTAUNFHI) pREPS)XEPSEPAUPEPHL(NPH)

350
36u

IF{NPHLT&KT Y GU TU 290

wRITE (e edl)
CONTINUE
LPTEPR=]

IF(AEPHMALLE.CFAX) Gu TO 425

LD 424 Ki=1yKI
AEPHZ=AEPHL(KL)
ALPH=AEPH2/AEPRMX
RATIJ(KL)=ALPH

TF{ALPHaLELCMAX) GO TC 4253
ALPHUB=20%ALOGLOTALPH)
IF{ALPHCde LEe—4Cas) GO TO 423

AEPHL (KL)=ALPHLE
GO TO 424
ALPHLEKLI=-%0.
CUNTINUE

LU TO w26

c129
0130

0131
o132
0133
Ql3e
0135
0l3s
2137
0128

23



APPENDIX A — Continued

425 LPTEPH=0
426 CUNTINUE
IF{LPTEPFoEQaQ ) GG TU #T72
IF(KaRT34LWeCl GO TE &4EE
WRITELS3601)
WRITELEyT1 &)
aRTITELA£L01)
wRITE{&yT1EY
WRITE (55011
QU 430 KL=ly4KI
ARITE{Hyp508) THTAIKLIg AEPHLIINL) yRATTO(KL) »PEPHLIKL)
IF(KLaLToKI) GC TO &3C
: ARTITE(S4802)
<30 CONTINUE
RETURN
475 ARITel6y718) AEPHMX
%8% CONTINUE
RETURMN
&J1 FURMATI{ f}
602 FORMATI/ /)
603 FORMATI{I?+2Fllas)
604 FORMAT ([293F1lafyF2CadyirlEes)
605 FIRMAT(F14el93ElCatyFl542)
608 FURMAT(F144192F1l5a69F1l5a21
TOL FORMATIS Xy 4LHNUMBER OF POINTS UeSCRIBING THE CYLINDER=IZ)
T02 FURMATU{SAy3I7HGECMETRY CF CYLINUDRICAL CRCSS SECTION:9Xy22ZHORIVING P
ICINT VOLTAULES)
703 FUORMAT{4X43BHPOINT Ay nyle Yy WVLe Uy WWLe yEXyg30H RE{wv])
1y vOLTS IM{Vi, VULTS)
T10 FUAMATLIS Xy 29+RACTIATICN FATTERN {RELATIVE))
Tll FORMATIS5 XAy 9HPHIy UCEGe pbXs THREICPH) s BX s THIMIEPH) » TXy BHMAG(EPH ) s 4 Xy
1 11HPHASEs DEue)
T14 FORMATUISK.25HRADIATION PATTERN (DB ANL E/EMAXY)
T1S FORMAT(SXySGHPHLy UEGey TXy8FuFHy UBes9X+EHE/ EMAX 4 X,y
2 lIHPHASE, DEGe)
Tld FORMATUS XKy THACPHMX=E1548434H, THUSy NO CB VALUES wWERE COMFUTED)
ENuU

Subroutine SPLFIT

SUBRUUT INL SPLEITIMAXP s MAKCO NPT TN YSTART 4 PNTINy LU VD
i ELEN.CDEFjSPNTIN'KPNTgvaT|APCINT,X“;YK]
DIMENSTION PNTIN(MAngzI'SPNTIN(MAX9|ZI'CGEF(MAXCD'@'2}|
1 ELEN(L)pIUIVOLL )y XPNT{1EpYPNTUL)I o XW{l)eYwil}
NSEG=NPTIN-1
DO 10 I=1sMPTIN
K={ ISTART=1)+1
IF{Ke LELNPTIN) GO TO ¢
K=(ISTART-NPTIN})+]
9 SPNTIMIILI=PNTIN(Ks1l)
SPNTINL{L#2}=PNTINIKy2)
19 CONTINUE
CALL SPFIT2(MAXPyMAXCCyNPTINGSPNTIN,COEF,ELEN]
fv=1
un 17 [=1,NSEG
IvKk={ISTART-1}+1
IF{ IVKaLEaNSEGY GO TO 14
IVK={ ISTART-NSEGI+I-1
14 ILv=IulvVDlIVK}
ul 17 J=1ls 1DV
JMl=4-1
T={FLOAT (UML) /FLOATUIOV) I ®ELENCL)
T2=T%TY
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APPENDIX A - Continued

T3=TxT2
xﬁNT(13)=T3*CUEFlI,1.1i+T2*CLEr(I,z.1)+T*CGEF(I.3.1!+CUEF(1.4.11
YPNTUIVI=T3%COEF (Lo Lly 214T2#CCEFUT 92020+ T*COEFI 9342 )+COEF{L1r4s2)
Iv=lv+l

CONT INUE

NPOINT=IV-1

LXX=1START =1

LXSUM=D

RO 19 I=leLAX

LASLA=L XSUM+IDIVLCIT)

CONTINUE

0O 22 [=1s NPGINT

J=LXSuM+]

IF(Je GTNPUINT) J=J=NFCINT

AMlJI=XPNT(IL)

YwlJd)=YPNTLI)

CONTINUE

RETURN

END

Subroutine SPFIT2

SUBRUUT INE SPrITZ2(MAAPyMAKCCyNePNT ¢COEF ELEN]

THES SUBRDUTINE COMPUTES THE PARAMETRIC CUAIC SPLINE COEFFICIENTS
TG APPRUXIMATE A SMOOUTH CURVE THRUOUGH A 20 SET OF POINTS PNT(I,1)
ANLG PNTUI9210, THE ARC LEWGTH ELENI(I} IS APPROXIMATED TO BE
THE EUCLIULAN DISTANCE bbTwEEN CONSECUTIVE PGINTS

MAAP=MAXe NUMBER OF InPUT BLUINTS ALLOWEC
MARCE =MAX, MUMBER C+ SFLINES ALLOWED
N=ACTUAL NUMBER OUF INPLT PCINTS

EXAMPLE-~SUPPOSE 20 PUINTS TC de INPUT, CALLING PRCGRAM HAS FGLLOWING
QIMENSION PNT(EQp2) s CUEF(Z0pa92) s ELEN(SC)
THEN ~N=20; MAXP=50, MAX(CL=50

UTMENSION PNTIMAXPy2) 3y CLEFINMAKCUI S 92) s ELENTL)
NUNE= 1

N1=h-NONE

‘Th0=ﬁ.

UhE=],

THREE=2 4

uUd 12 1=1eN1
IP=1+NONE
AL=PuT{IPy1}=PNT (1,411
YL=PNTIIPe21~PNT(I42)
ELl=al®al+vl=*yl
ELEN{T}=SUnT(ELL)
CUNTINUE

FURM A=MATRI Ay SUPER wlAGe ELcMENTS ARE IN CUEF{Is4s10y SUB LI1AG
ELeMENTS IN COEFIIgEelly UlAGa ELEMENTS IN CEF{I92y1)y ELEMENTS
CF CULUMN VECTUR FUR X EwUATIulW IN COEF{Iy3y1)} AND ¥ EQUATION IN
CCEF{143,42)

COEFLLy2910=00
CREF{Llyly1l)=TnGC
CLEF{ly&4yli=CNE
CUEFiNg 29l )=INE
CGEF(NyH ol )=0a
COEFiNslyl)=Tw]

25
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APPENDIX A — Continued

X1=THREE/LELEN( L)

Y1=THREE/ELEN{N1)

COEBE(Lle2sl =Xl ®¥{FNT(24L)~PNT(Lyl})

CUEFLag 392 =X LaiFNT{ 2yl =PNT L))

CUEF{M3 sl }=YL®{ENT (Ng La=PNTANLsl ) )

CUERINy 392 0=Y2 2 IFNT{NpZ)-PNTLNLe2) )

GO 292 1l=cenl

T=1-NUNE

iP=1+NENE

CuEF(Ta el 1=ELENLT)

COEFUTglpld=TwO* (ELENUI)*CLENIIMI)

CUEF(Igdeli=ELEN(IM)

A1=THREE/(LLeN()=ELENIIM] )

XK2sbLENTIMI*ELEN(TM)

XAzELEN(TI*ELENL])

CObF LI popl)sXl# (A2¥(PNT{IP oL )}-PNT{ 1oLl ) )¢X35IPNT{E41)=-PNT{IMy11))
COEFLI 139212 X1 % {R2%(PRNTLIP pZ)~PNTL 220 J#x32{ PNTL{Iy2)=PNTLIM421)})
CLNTINLE

THE A-MATRIX IS TRIUDLAGUMAL, THE A-MATRIX wILL BE UECOMPNISED INTO
AN UFPER LlAGs MATRIA U ANU 4 LUWER [l12Ce MATRIX L SUCH THAT Lu=zA
THE UECOMPUSITICH OF A INTC L AND U DJOES NOT LEPERD CN B

A& VECTUK & #0F EACH X AnU ¥ EWUATION wlLL BE COMPLTED SUCH THAT
LL=0y i FOR X IN CUEF{lesed] AND FOR ¥ IN COEF{IgZe2)

Coer{ly3 el }=CUEF(Le3pl)/COEF{Lals)
CUEF{1y3¢23=COEFTLe 2 2)/C0EFLadyl}

COEFL Ly le20=C0EF{Llelsl)

uld 52 [=2«N

Tvs I=NUNE

COEr(1ez292)=COEF(Is241

CUEF(1M,4.2!=CD&%(IM.#,lJ/CCtF(IH'l'El .
CUtF(I,erchjEfllyigl]“CutFlIM|4'ZJ*CﬂEF‘IprZ)
CCEF(11391i=iCEEF{I.Bgl)'CEEPlle'Z)*CUEFllHQE’ll)/CCEF(I!luZI
CC&F(I,5.23=1CGEF(1.3.4)-0Ctri1.2.21*COEFIIM.B,ZIJ/CDEF{I,I.zl
CONTINUE

COMPUTE YECTOR R BY BACK SULBSTITUTIOM WHERE UR=Z R IN COEF{Is3s))

FOIR X AND [N COEEL(143,2) ECRY THE R VECTOR IS THc FINAL
SULUTIUN vECTOR FOK THE SLLPCS

LU 62 [=1||\l1

NN=N-]

COEF(NNy 351} =COEF(NNg 3y L)~ CUEF (NNp 42 ) *COEF {NN#143,1)
COEF(oMy 3y 2)=CCEFINNg 392 ~CUEr NNy 44 2) #COEF(NN+14 3,421
CONTINUE

CCMPUTE CUBIC CCEFFICIENTS FUk 1=TH SEGMENT= X Eds IS
AAT)=CUBF LT goyp 12T 4 CUEF (142912 2T#02 4COEF {19391 )*T¢CUEF(Ly4el)

DG 72 I=iyN1

ELL=JNE/ELEN(I )

EtZ=ELa*clLl

EL3=cLé*EL]

[P=1+NUONE ‘

AKlzvodTE131 b=PNT{1P,1}

Y1=PNTULg2 1-PNTLIPs2)

COEFCT g1yl =TWOoELA*X1+eL 29 (CAER{ 3y 1 }+COEF(IPs39l})

COLF{Ils Ly )=TawU*EL3%YL+cL oo ClUER( 392} +C0EFIIPs342))

CUEFL Ly 2yl J=THREE*EL 2% (-AL)=EL1*{ TWO*COEF (19391 )+COEFLLIPy 341)1)
CObel 19292 =THREEFELg®{~YL )=bL bx{TWO*COEF{ Ly 29 21 +CCEF{IP342))
CUEF(la4eli=PuTll,1])

CREF(Iaby2)=PuT(Ty2)

CONTINUE

RETUKN

EnNU
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APPENDIX A - Continued
Subroutine CVRTV

SUBRAUT IME CVRTVIAPTINgNPURT VG5 IDIVEIVESI
CIMENSION JVGST{1,IVES(Llelelvuil)
NSEG=NPTIN-1

[SumM=1

DO 8 I=14NSEG

D0 & Jd=1¢NPORT

JVOe=JdVGESEd)

IH(JVGe EQe1) GC TC &

LU TO &

Ve Sl J)=ISUM

J=NPORT

CONTINUE

I5UMS ISUM#IUDIVCET)

CONTINUE

RETUKN

END

Subroutine CROUT1

SUBROGUTINE CROUTLIIC g5y NyluMy ISYMy IR
SET ISYM = Q0 [F MATRIX [S SYMMETRIC
SET Iwk=Q OR NEGATIVE TuU AvIIU wRITECUT
COMPLEX CLIDNMs IUM)ZS(LILM)

CUMPLEX SS

COMPLEX FrGpHePaTHU

FORMATO LA 1IIC0 ) 1F15e 59 lF iSeCslciBeie)
FUFMAT(LHD)

IF({NeEWda LIST1)=S{11/C (141}

I {Ne Etew L) G TC 100

TFUISYMaNELQIGLL TU 8

L3 6 I=1,A

Ud b 4= N

C{deli=CtI,d)

CONTIMUE

CONTINUE

F=[;(111'

Ud 13 L=2¢ N

G=Ciiyl}

Cllel )=G/F

B0 20 L=24N

LLl =L~1

LU 23 I=LyeN

F=C(I,0)

vl 11 K=l,LLL

G=ClLeK}

H=C{KyL}

F=fF -G %

ClLsL)=F

IF(LokEwal)GD TG 20

P=CHLyL)

Ir{I5YMeewaQIGC TO 15

F=C{lLyl}

00 L2 ms=lyLLL

G‘=C(L'K’

r=Ciky L)

27
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APPENDIX A — Continued

F =k

CALs1i=F/P

it TU <0

F=C0Ty )
CiLeld=F/P
CONTINUE

C2 30 L=1isN
P=CiLyL}

T=s1L}
IF{Labwallud TO 20
LLL=L=-1

wil 23 KR=lsLLL

=C (LK)

U=siK

T=T—-F*J

S(L)=T/P

JJ 34 L=2yid
F=h—cL+l

1I=i+l

T=5(11

UM 37 K=T1yN
F=CtiyK}

U=5iKi

T=T-t*u

S{L1=7
[F[1nlaLEaQ) GO TG ED
UNOR=o D

U3 g I=lyN
$5=54(1})
SA=CABS(5S)
[FISAaGTCUNIF ) CNCR=SA
CUNTINUE

ou b4« !=lyf\
55=5(1)

SA=CAn> (55}
SNIR=40Q
1r({CHIRe BT o Do ) SNLRE=5A/CNCR
SR=KE AL [5S)
SI=Al AAG (55

PH=ad

TF{S584uTea0a)PH=2Te295T0*%ATANCISL5R)

ARITe {6y 23 T SNURy PRy IRy 5]
CORTINUE

WPITE(G 42}

CUNTINUE

CONTINUE

FETUKN

ENU

O

Subroutine CROUT2

SUBRIOUTTINE CrUUT2{Cy 5y Rp luMpI5vMe [ WRY
567 ISYM = 0 IF MATRIA [S SYMMETRIC
SET Iwi=0 DR NEGATIVE TU AvOIu AR ITEQUT
COMPLEA CLIDMy Lu¥)ySUILM]
CIMPLEX 55§
COMPLEX FyueHaPoeTeU

é FORMAT(L Ay L LU F T g i1 aliyctlSati



APPENDIX A — Continued

an

FORMAT{1r0}
DC 30 L=1yN
P=CiLyL)
T=S(L}
IFiLleEwe LIG0 TC 20
LLL=L-1

00 25 R=lsLLL
F=C{LyK]}
U=s{ki

zh T=T=F=U

33 SiLi=T/P

D 3d L=dyN
I=4=L+1i
11l=1+1

3% T=T-F=y
38 S(I=T
[F{TAFaLEsD) LC TU EJ
CNIR=aJ
ud &3 I=1yN
55=5101)
Sa=Cads(55)
IFf{SAaLTLCHURFCKCR=8A
40 COnNTINJGE
20 44 =1
585=5(1}
SA=CABS5S)
SHIR= e
[F{CHORaTade ) SMNIR=SA/CNCR
SK=HEAL{55)
SI=AIMAG(SS)
PH=,0
1F{5Aa0T4D0e JPH=5T4295TB%ATANZISLsSR)
WRETE(Gs2) Iy SNCRy PHa SRS
44 CunTINUE
wRKITE (w51
53 CONTINUE
100 CUNTINUE
EETURI
ExD

Subroutine SMM1

SUBRCUT INE SMMLI(UK ¢£ML 1y iM1c)

CUMPLEX ZMliysévlcz

CCHMPLEA ROHL

LATA FI/3,1415%/

Cuk=Cas{uK)

sus=5T (UK

Cabl HANK(UK T ohLl}

SuKS=SuK#Hz

CunS=CUK &=/

LMLl =Za oAl ®Cuk=FCxSun=2a*{ wUslad* [ la +CUKSH/PE/UK
L2l CORESOK=HLI % (Ly +Cursb+aal o Cp L I 2CLR/PT/DK
Ml l=1lSe¥uk*E,/ML1/5URS

LAL2=17 o FUKEZML £ /SLKRS

ui,.f.Jj:.\‘

MG
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Subroutine SMM2

SUBRJUT THE SMMZ(K11Y1|KZ|Yci53173|DK1UUK2’INT]SLI'SIZ’SZI'SZ&J
CUMPLLA SxlySacg

CUMPLEA 511eSley52l52e

COAPLEX Ll1l4Gi2yGelynil

CCMPLLEA HC!HlvaC|FHl

CUMPLEX )

CiUMPL EX AA(ll.fl;bﬁ(ll,leLﬂ‘LL13"lﬁ(llilal

CU1PLEX AD(llfa]ng(LluflrLﬁ(ll'3||£E[11 131

CoAPLEN AC({1LpS)eC{LLy B} eClelip3)elCi11e1l3)

CUMPLCA Bud{llp2lyBullleZdslu{lin2) 20011412

EwUTVALENCE (ZA{Tel) oA llelddaleAULo) v BATL )y £ATL 22,08 (141))
ELUIVALENCE (ZBULlel)photlyb ) el B0 Leé)pBE(Llpl ] o0 ZB0Ls21) #CRULyL))
EdtJIVALENCE (£C{LlolbaAC (L1l (200 e5) yBCULy Ly {ZC(2g22 ) yCC0Ly10)
EJUIVALENCE (Z0{Le ) eBAU{ Lol is{iDULy8) yBLILy L)) (ZDCLell) ¢CUILeL))
LATA P17 3141359/

DATA LyH/a314155ye 281757/

AT A AAS
ol Jed [} Cal IR} Le C [} Qa0 1l Qa9 ' Nal ll
el Ual r Cal Jel Cel y Qo0 1t JuD ] 3-0 1
el Oso L] O c lii Ja b * CQC lit 3. 1 C‘.O '!
ol Jod r CeC el Cal v Ja0 sl De” r DD 1y

el —GadOIL5T=0a 005205y {-Ca (0LeCE9=CaClTaT1) 9 (~0a3C3415,-040143471
e =) e JaEET1—GaDLlTTI0) p{ -0, 0U0SL939=CallBT25)p{=0aCllEC2y=DaD13L1E)},
e l=0530129301-CaCleSTu) e (~UaCLlE971y=~Callabb65)y{~0a0150214-2401156361y
a{')o}lt@}l;"JuOJ?i?clrt boc [] Def ”(—O CLO‘LJ! U002C23u‘l
o(‘JonﬁﬁﬂBy—L-u‘CSE‘i.(-u.ClZ&Z?r‘0a077c89)|(‘0.024341|-J JEG1921,
e i=JeJat08Ty— u-C71050|9‘—0-04419#"b¢C7Cde)1i‘J-UﬁdB’Sn «DEECTS )y
el =Jaui2534y=Ca CETLU3 1 p 1=0a CE0248y—CaCaE Ll )r“0.0£0114|-0 Q321230
el Ual y QUav Jrl—0eClieBLly—Caa312llp(—0aCCT05Ls-TalBESGE],
e l=2032585Ty=Lo122838) v (= CaCaBT55,-0a149217)(-0a071431,-24157381)
al=Jad8bBd3y=0a 1538360y (~Ca 3479, -Caltle22 ), {-CalCO159,-0412350141),
al=Jall2€30,=ColC4lBLl1 e {~Cal2CLllSy=Ta0TL0UE0) sl 240 r D0 L
ol =g 3ClEBTO s =CadT1080)p(~0s 015644y =0s14c281) (=00 C39218¢=2e204935 )y
el ~Je 074406 9~Ca 2456821 9{~Ua 105840y - 25208l g1=0s126F139-0425693581),
ol ~lelB5 T31,- 9.23787Hl|(-u.LOGd?J'—C.211&13)|‘“3.1€77IC|-3 17981814,
o= Q6170947 -c-qucfcif
JaTA Bay
ol Oau r Co0 Jrd—-0auGid4ly—ColD02G2)(-0oC1T7072¢-02200645),
el =Ua 049401 =0 2ETL6L ) g {=UaUva49Ly—Ca3LTECE y [ —J4 160551 4y—043735562),
e~ Qe L7581y~ Ue3EE409 ) 9 (-Q0 190209 -Ce242126)p(-042314T0—0e205169)
al=0sc03665,-0a2€2470) 91 -0 2089119 ~Ca212C543+1 0.0 y 00 T
e {=Ua U213y Ual286C3 )y l=UaClually~0a252138){-0,0536L4,-0,30178¢),
e l—2elU384T - (a%35113}p{=0ul532290,~0s6T74P22)1¢(~041549T04-0.4T0681),
e 1= dlb6T1s=Ca437058)y (042159039 -0a3EETT2)4(=0a2CT611,-04232G25),
e 1 -0 JIc3L vy =Ua 27491 Tyl GCad r D0 Je (=Co0C2348B,-04145659),
el )a0lT250 =L 288742101 —Ca il 47— 0%l 3776 )1 [~0e0587849-0a5035101,
al=0a bS53 T ~CaSeTCG2)p (—Cal0802iTe=0uZbalS41y(=0,2053569=-D45045E8),
ol =0a199602)—Ce 84307 Ty (~Ca l77d%909=0a37257T 1 4(~0s151496,=-04301724) ¢
al Dl y Col e l=CadultSUe =0 LE 1463 ) g1 -CaD139TE4~02023E0)
e (=007 30840 42186Eiy [=JalBLOTEy~0aB2C0324 )y (-0a1235832,-0a5723501,
.(“)ol5&l79.’€-5¢97b7];l-U.16577&.-C.52=337l'(-0.157527|-0-4515431'
e {-0el2(031y-0a3641G40y(-Cal8ucF%y—CaZ2T45T1)sl 040 r Ded 1
ol=Uedlleoe p=Us 14EEB5 ) {i—Ue v US30by=0u2BLEE2 gt =0,02T83T74=0,407352),
el =0a0553025)-Cad543c3) 9 I-Ue CE451Gy—0eT375E83)3(-0,1065979-04533585),
efi=Ja bl B25r=0e 4864 iy lmde LUc4cbs=Ceb0F2EC )y (~CuUTL1569—04306432),
e (=20 0UE0934y—0o 2002751/
LATA CA/

ol Jal ] Coc l|(‘h-uGLDJl|—00123193‘|('0.CC47QC|’”.23881§]1
o (=Ga018034,-0a325€6302)91-0aCeT8534-0a%052%6)31=040430164=0.%28105),
e (=30 054625, —0a421650) 4 (-Qa CETIP4y~Ca3BTLE3) 9 {-Ca0%498634-0,21146T1)y



APPENDIX A — Continued

s [—0e 029555y ~Ca 2147440 0 { 0aC01i90r—Cel0T€431,1 CaO r a0 by
e (=DadC0LEG)—CGeCEZTC2) ¢ (—04301c0cr—De158T£L )12 (-0 CC3T750¢~04221141),
el =VeU0T53Gy~0s 2E2645)y [=CaCLll5Chkr~0e28LE8GS5}12(~040148314=-0,272975),
wl=Da 015658 y~0a2¢CT66) pl-wallilO4r—0sl858CY)p(-CoQCHTR2y-041148351,

ol 04003082y =UaC3EC4Blyi Cul v Ca®d Jel Ded y Ja0 Je
.‘:JIJ ] G.C ,l( 0-3 r 0'3 j!( 3.:‘ [} OOC }|
el Uav y Cad tel Vsl r 0.0 Tl Qa2 p DeC )y
of Cuu s UsC Yol JaC r Ca0 Jpt Cou vy DaC (4
LATA AR/

al Je0 vy Cal el Qed v 0a0 st 3.0 v Dal I
n( C-D '.UDU "( U-G ] 00\) j" Q-O r O.D )I
ol G0l ] Je @ bl LG y CaeC Yol Cad ] Cel )p
ol Ja?d y 0u0Q el Ol [ePRe] 1ol Ca0d v+ Cal 1

v
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APPENDIX A — Continued

CLK =CUS LK)

Sur=51N(OR)

SURS=SUK®%Z

CLKS=CLK*xS

LHET=(A2-X1)/uUK1

SBET=(YZ2=v11/uxKl
XB8={A3=-X1)#CubE T+l Y3-Y1}*SBET

YBas={ As—KL)*S3ET+{y3=-Y1)*LBET
CAL=(A—UKL}/ UK

SAL=A85(YBI/UR2

CALL HANK{UKyHOsFRY)

IFICALeLTade )50 TG 29

TFISALeGTea X% GC TL BC

CNT2l5a %0 *CAL /SCKS

CALL CANR{Ze*UKsFHOgHMLl)

SLI=CNT* [ 24 *HHI*COR=-HO®S0R#CUK- Hl*ll.*CDKS)+2.*I.U,l.l*CDKIPI/DKI
Si2=CNT%{ 2. *HHO*SDK*CUK—Z4 YHHI*COKS
42 FHL#CUK=HO®RSLK—24 ¥ (o Cple ) /PI/DK}
521=CNT*{2.*Hl*CDKfHO*SLK-Z.*HHL—Z.*{.Cgl.I*CDKSIPI/EK]
S225CNTH (HO*RCOKRESDK=HL* (Lo +CLKS I-24 ¥HHI*SDK
c¥2a FHALFCUR+ o ® (o Dy la I *LUK/PL/UK)
RETURN

CINTINUE

Flll=H2

S1l= uUn¥(-nl+2e*{aUy e )*LCKSFI/VK) .
Sle== UK®{SCREHU-CUKFRi+Z2e*(aUslad/PI/UK)
Si= UKRE[CUKAHL~Za%{a0pls ) *CLKS/PI/DK])
§222 ORFCURE(SLE*HO-CUR2HL1+.e*(o 0y le ) /PI/DK)
AL=1o 5707396

IF(CALaNEaDa JAL=ATANZLSAL,CAL)

BL=AsST ALY

[FiALaGTe240)05C FTO B2

TK=UR/2.W

L HO J=243

TRS=TK*%2

RK=54kTIDES+2 *LE¥TRICAL+TKS }

CALL HANK{RKyHIpFL1)

FEJI=HG

TK=DK

CAONTINUE

SA=la +SUK/UK o o ¥ (LLK=1e ) /LKS

SH3o % Le—COK)/UKS—%y #5uK /LK

SC=20 *SUK/UK-—CCK+4, ¥ {CUK-1 o} /uRS
S11=S1Y+CuUR ¥ SCxE{ L)+ Sup¥r{g)+SAxF {3 ))
S12=51c+lOK *F{SAXFLL e SR (21+SL¥F{2))
SzIi=821={SCarl L) +Saxr{Z2)+SAFL3)1)
S522=522={SA¥ L Li+5b*ri2)+SCF(31))

Gd TO 98

CONTINUE

SAl=tovpell

Sa2=(alUyeD}

INP=25[INT/2}

FIT=INP

Ie=INP+]

UT=UR/FIT

TH=9d

$61=-1.

WO 92 L1=1,I1P

D=SGCi+3a

Ir{lsllelli=le
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IF{lebldaIP)O=1le
TKRSSTKER 2

K= SWURT (DK S#24 *DKETHR*CAL+TKS)
CALL HANK(RK HCyHL)
Si=SINLLK=TK)
52=SINITK)
SAL=S AL #SixH0G*y
SX2=SX2+52%H0O*D
SLE==5G1

TR=TK+LT

CONTINUE
SXx1=5Xi*JT/73.
SXe=54A2%0T/3,
S11=511+CDK*5X1
S12=512+lDK*5X2
§21=521-5Sxal
522=524— 542
CUNTINUE

A=JK/G

T=z4¢1lab
IFr{lelTel}l=2
IFlLaTalOdI=12
ImM=1-1

IP=1+1

Y=4L/H

J=Y+la0
IFldalTe21d=2
TFlJeuTel2)u=12
JH=u-L

Je=J+ ]

Flizl

FJ=J

Al=rT-La

YJ=FJd-la

P=x-41

Y=Y =Y J

FT=P/ 2s

Wwl=uf 2a

A=PT*{P=1s)
B=PT%(P+1ls)
CeulT*lii=1e)
OSWTR{+le )
Ezle=Po®l=gxe?
GLL=A®LA(I My} +B*LALLIP s dt+CHFLACLy IJMIFURZA LT UP)FE*ZALT 4 )
UL =A% BIIMp I} tE* 2 (TP VCH LB (1 SIMIFOPIB( 14 JPIYERLIBI],4)
L2LaAx ClTMpJ I+ L0LIP e LRI T p JMI+DHICL{ Ty JPI+ESRLC LT 2)

GIZ=A%/D0IMy JI+HR00IP g 40 Lul Ly dMI+0F 01 TP +EH 2L (1441

CCC=15a /SRS
SEl=CCL*{CALES Li+Ga1*0K)
S12=CCC{CAL=S1e4G12%0UK)
SCi=CCCHICALES 2L +G2L0N)
S22=C00*{LALSS Z24G2 240K )
RET URN ‘

EMU
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Subroutine ZMM2

SUsROUTINEG LMME(J‘lelpJ\Z!\'}.[)\.}’I’3'UK]..CK(_’:IhT|511‘512,521ISZZ’
CCHMPLEA RRHI]

COYMPLEX SAle5X2

COMPLEA S11sS512y52145e2

CUMPLcX YliseYlZ2ey2lev2e

CCMPLEA EY1l,pEYZ

CUOMPLEX HOgHLyFFCyHEL pSh0y SHL

COMPL EX UHHO'Df“}"lyDl"C|UHl|USHOQUSHl
COMPLEX uYilleUY1lelYelylYed

COMPLEA CCP

COMPLEX FUN

CCMPLEXK FL2)

UATA CUP/ladreb3LE2)/

CKM=DKL

[F{CRZe CTa UKL JOKNSDK2
TF{UKMa LTa 2 IGC TO 10

Sil=(a0yd)

Sle={elsall}

$21=(+439e0)

$522={a0red)

ReTUPN

CUNTINUE

SURL=SIN{DK])

SuK2=5SINILK2)

COKL=CUS(ukl}

Cuk2=CIS UK Z2)

CBET=lAac=al)/uUK]

SBET={(Y2-YL) /UKL

Xz lA2=X1)*CLET+(¥3-Y1)*SBET

Yad=—0 A= XL ) &SbeT+{Y2-Yil]) (LT

CAL=t Xp=UK1l])/uUK2

SAL=AwS{YB/uKZ

CALL HANK{UKZ¢kHHCyHHL)

UHA D= 0K 2 *HMD

DHH1=UKR2 *HH ]

Cls2=LuKi*xSuK2

Cle2=LuRI*LUuUK2

IF{CALsLTa Gl TO 20
IFISALLGCTwe04)IG0 TC 20
CNT=1%a*CAL/SUKL/SUKL

CALL HANK{DKLyHO¢HL)

UHQ=D K] *HD

OH1=0DKY1*%H]

DKSsUKL+UKRE

CALL nANK{UKSySHCySHL)

LSHI=0OKS5%51HD

LSHI=URS*SH]
Sli=CNT*iCUAl*UbFL-ElSc*UHO-LLCZ*UPl—UHFlfCCP*CDKZl
Sl£=LHT*1CUKZ*UHFl-SuKZ*UHHC-CLP*CDKl*UFlfLlSZ*USHG—ClCZ*DSHl)
Sél=CNT*lSUKZ*DHO-USH;*EJKE*»H1+CDK1*UFFl-CCP*ClCZI
522=CHT*lClSE*UHPQ“CLC;*UHHI*CCP*CDKl“UHl—SUKZ*USHO+CCK2*DSHll
RETURN

CUNTINUE

Sll=—UHHI+CCP®COK2
S12=-SURZ*UHND+C LR 2RUHRE-( (P
S2i={UHHI-CCPRCUK2 ) *CUKL

S22= (SUKZHEUHMD=CLKZ%UHFL +C CF ) ®LuKl
DRSS Ll=0K 1 %%

AL=1, 270798

FFICALeNtade FAL=ATANZ (S&Ly LAL)
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APPENDIX A — Continued

AL=A8aSL ALY

IHP=2*{ INT/2]}

FIT=IKP

1P=1NP+]

IFLALGTo2e 2000 TO B2

TE=ed

Y 80 J4=12

TRS=TK%%®2

RKSSJART [WUKS1+ 2 2DKI*TK*CAL#TRY)
CALL HANKIRKsHCyR1)

F{JI=HU

TRKsTK+UKZ/ Za

CONTINUE

GRS Z=0KExE2

SA% Lo FSUKZ /DR o # L UKE=1o )/ LRSZ
CH= 3. %[ le=LOKZI/URSZ—q9a#5LKe/URE
SC=2 ASLK2/URZ-CUR2+4e F{CLUKc=1a) /DKS2
S11=S1Ll+CUKLI=(SCRF{1)vso%F{2it3A%xF12)])
S12=50+NUKLE{ SASF {12 +5pFFle ) +5C*F (30}
5212521 ~{SC*ELLI#SB2F{Z)+5a%F(2])
§22=2522~(So%k LbeSORF( 250 *F(5))
Gu TO S8

CONTINUE

OT=0K2/FIT

T=a0

SXL={+09.01)

S42=(aC IcO}

SG6T==1.

G 33 I=1,IP

U=3GI+3.

I1F{lsbuwelli=ls

IFilacwelPla=1ls

TRE=TR*=*x2
RE=SURTHILRSI*2 0 *CRL*¥TR4*LAL+TKS}
CALL HANK(RKysHOsR1}
S1=SIN{UKE-TK)

S2=3INITKI

SAL=3A1+SL#HC*D

SAe=SXZ¥SzwHI®U

SGl=-5G1

TK=TK+0T

CONTINUE

SXL=S5XK1#0T /3,

SXL=5A2%07/ 30

$21=5%21-5X1

§22=%2&~5A2

S12=51¢+CUK1*S X2

S1L=S1i+CuKi*Sxl
CUNTINUE

JP=1P

Yll=(a29paQ)
Y12={odeo?)
YZ2l=1s0peQl
¥Y2zZ={aleall

B=a 0

I (ALaLT,.051G6C 7O 210
ALT=AL/2s
CALT=COS(ALT)
SALT=5IN(ALT)
RCP=(ukl+uK2IECALT
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APPENDIX A - Continued

RSP=(UKz-LURL}*SALTY
PHC=ATANZ(RSPRCP]
S5G1=-1.

PH=z=-ALT

DPH=AL/FIT

BC 200 I=1l,1P

U=5SGIl+¢3,.

IF{laEGLallD=1a
[F{leEvaeIPiD=1.
SAP=SIN(ALT #¢H }
SAM=S]N{ALT=PH}
JF{PHoLE «PHC)RMAX=DK L= SALS bAN
TH(PHeGT oPHC JRMAA=URZXSAL/ SAF
LER=KMAX/FIT

RK=aQ

56J==1a

CYLl=lelyreli)
CYl2=la0ypa )
DYEl=1{a04e01)
CYzZ=z(aCypali

LO 1230 J=1lyuP

{=5Gurs,

TiddotudellU=L,
IFlJetdeJPIl=1la

CALL AAANKIHKKg KAFL
SK=RKESAM/SAL
TK=RK*SAP/SAL
L1=COS{SK}
C2=CUSILAL-5r)
S1=SIN(DKe=TH}
SZ=STwniTK)

FuN=i%k kel
LYli=ovli-rumsC1%51
LYLZ2=UY]lZ2-FUN®( 1952
LYel=ouv2l+Fur®( %51
JYZ2Z=UY i+ b uNw( 2982
$GU==50GJ

FK=RK +u kK

CONTINOE

B=SAP *URK*L
Yil=YlLl#3%0YL1
Yla=vle+d®uYls
Yel=Yelvu®uyil
YZ2=Y 2. +8%DYL2
PH=PH+UPH

SGl==50u1

CONTINUE

BRUPH/ P

CUNTINUE

CNT=1Sa /SUKL/SUKZ
SILI=CNT*{CAL=S])1+B*Y]11)
SIZ=CNT#(CAL®S1Z2+B*Y]1z)
Sl *UNT*[CAL®S-L+BeY;1)
SZ2SCNT®(CAL*S22+43%Y22 )
RETURN

[
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APPENDIX A — Continued

Subroutine SMM3

SUBROUTINE SMM3{ XYYl XYl ko Y3 XYy
SUKLsUKZ 9S4y 512,821452¢2)
COMPLEA SLllsS5129321le5d
COMPLEX ETLl4ETZ

CCMPLEX HO,HL

CIMENSION CCL(3C)#SS1(30)»CCela0)5520230)
S1i={aCyal)

S12={alya0]}

S2l={e2pall

522=( a0}

CaET={x2=-X1}/0UK1
SBET=({YZ2~Y1)/0K1l
KA=(X3-XL}»CAET+{Y3-YL ) ®eSBET
XB=lXe=X1)*CHET+(¥4-Y1 }=SBET
YA2—{ XZ=X1 3 *S5BET+({¥3-Yi)*CokT
Yo=-{ X4 =1 ) *SOET+{Y4~-Y L) ¥CELT
CAL={ Xb=Xa)/LK2
SAL=({YB=Y&)}/UK2

RMIN=10U000.

A=AA

Y=YA

Ul 40 J=ly¢d

YS=y%%k2

XP=40

U0 35 1=1ly2

DX=X—XP

R=SURTIDR®*2+¥ S}

IF{Re LTaRMIN|JRMIN=R

AP=DK1

CONTINUE

ASAA+DKZ *#C AL

Y=YA+UKZIHSAL

CUNTINUE

15824 %K1 /RMIN
[55=2%[[585/2)
TF{IS5S.LTa2)ISS5=2
FEiI55:0Ta ) 155210

FS5=158

ISw=1585+1

LS=uKl/FSS

I1TT=%20DK2/RMIN
ITF=2=(ITT/2)
IFEITTaLT23ITT=2
TFLITTeGTlOM1ITT=1¢C

FTIT=ITT

ITA=1TT+1

DT=uRZ2/FTT

AP=a0

SHh==1,

Ud 33 I=1ly154

C=S0CN+3,

IFllefuallC=le
IFllokbkWelSwi(=lae

CoL Ul )=C»CCSIUKLI=XP)
SSL(II=C*SINIUKLI=-XF)

CCZUT 1=C%CUS(XP)
S520LI=C=SINLXP)

SGH==5GN

AP=XP+us

CONTINUE
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APPENDIX A — Continued

UX=0T=CAL
Uy=uT=*5SAL
A=AA
Y=YA
Th=.0
SGJ=-1la
DO 2060 J=1,ITQ
0=5GJ+3a
IF{JeENall U=,
IFldobusiTuwll=1e
CTi=u*SINILKZ=TK]
CT2=0*S5IN{TK)
APz o0
¥S=v**x2
ET1=({sUyal}
eT2={aUras0J
DU 109 I=1,154&
DEL X= A=XP
RE=SYRTLUELAS%2+YS)
RUT=(UELA*CAL+Y*SAL) /KK
Cl=CCliI}
S§1=S51(1)
Cé=CCdl 1)
52552111
CALL HANK{RK HOgh1]}
ETI=ET1-(S1#HO®CAL+C1%R1%R0OT ]
ETZ=ETZ~(SZ¥HQ*RCAL-C2*F1*RLT }
AP=XP+,5

193 CUNTINUE
$11=S11+CT1*ET1
S12=512+CT2*ET1
Sel=5z1+4CT1*LT ¢
SEL=S2o+LT2*ET 2
SLd=-54J
TR=TK+uT
X=K+UX
Y=Y+0Y

290 CUNTINUE
COT={ 1 /S i ¥ USELT/SIN(GRLIZSINIDKZ)
511=CS5ST%511
S1z=C5T*S1c
S£i=CST=%5:21
522=(5T*S22
HETURN
ENUD
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APPENDIX A — Continued

Subroutine HANK

SUGFOJT INE HANK(XgHsHL}

COUMPLEX HeHL

DATA TSP/[aé3652/

X=AsS (A}

IrinewTsdelGl TC 1Q¢

XLN=ALUG (o 5% X1

SRS ¥

Re=321*E1

R4=RZ¥K 2

Re=2e%R2

IFIRl ¢GTeeltGC TC &0

== s1lO3BTHRE+ L 2A562%RE~2ecDFR It ]

Y=o 2530 1%R6E—0 T43BCE*RAT L ELHDGL¥R2+ 36T4ET
Bl=Ak (e 3T5420E—1%RE+a i LU 20RG—e TH25%RZ+, 5}
Y1=(~1e3lEG8¥R 542, 103 THR4+e 2 12DQ%R2-0&36520 /K
Y=Y +T5P*XLN*B

YI=¥Ll+#TSPEXLN%G])

H=(CMPLA( S,y ~Y)

H1=CMPLX{Bly=¥1)

AETURAN

CUNTINUE

AR=ROER G

R1J=i ¢*R 4%

RlL2=R&*RE

B3¢ 2Le—3%K 12-a 35444E- 29310+ 4444TGE-1%R0
Fma3lB3ETHRO+ e 2ESELHRG—2 02 5%R 41

Yoy f B4 tE—3%R 124 4T 1lob-2%R10-a 4261216~ 1 %K3
240253001 5RE=—, T43504* R4+, 6050G4%R 2+, 36T 67
Blax® (o l1UGE—4%F12-431761E-3%R1V+4N331G9E-2%RE
P9 bt2G =1 %R s 44 1050k a= o BEZBBR 24,45

Yiz=(o 2TE8TE=2%RL 22— 400G THE~u*i 0+, 2L23G5%RE
Cmle 3l GhBEF L+, LOEZT¥H 444 22 12C05%h 20 G2CELI /N
Y=Y+ TSPRXLN*D

Y1=¥1+TSPaxiN*d}

H=CMPLA{Ry—¥)

H1=CMPLX(BLly=Y 1}

RETURN

CUNTINUE

SwaSJRT(X)

Rl=3a/%

kRZ=R1*R1

R3i=R1l#p2

RiL=R2*R 2

RS=R3%R2

Re=R %K 3

g lGb TEE-3%R6—e T2800E-3%KE+al 372 3TE=2%R &

ce Gl 2E—4%R3~a LEE TG -2 %K= aTiL—0* R 1+ TG TEES
T=o liB58k-3%RE—ad9332C-uxRb=aCa25E~3%R4
CtodC2oT3E-Z2RE=g 2004 =45 =g 4L H65E—1%R 11— TES3GH+X
B=r*C QS5 (T)/SwW

Y=F#*S5TINITH/ Sk

F=—a 2UDSE-3%RE+ 0Ll 0053 —2%R 544 9E 1) E-2%RE
ctal TIOSE-3*R34 4165907 ~1%H i+ 156E-5%R]1 +,757285
T==al20l60L-3%A b4 TGHLGE-S3¥R5+a T4348E-3%RG
2—oE3TBTIE—L2*RI+a SESE—4¥R 2+ alea956%R1-2.3561G+4
dl=tF%COS(T}/SKH

¥Y1=F%SIN{(T)/Sw

H=CMPLX{3y—-Y]}

HLI=CHMPLX{bBly—-Y1}

RETL®N

ENU
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APPENDIX A — Continued

Subroutine XHANK

e

SUSKJUTINE XHANK LA 9 &)

CJUMPLEA AH

COMPLEX GEOT)

DATA G/
af Ua0 1 JaBlEE2C e[ JeCO%594y Deb4FESE) el DoC1II9C0y DebEGTES),
ol JalfntGhy CobBTS51)el GaCT8aliy CaT1234S)sl 04121134, 04725732510,
el UaiT72020, 0275623614 Cac3C29Ty CaTT22T4) 4 04295073 OaTEZ51C )y
ol Ua269354, DoT8581l41y( Cat4l0S0r Coa781214)9l 0eS1T7392) 047£75320
ol Oe397GhEy Ue 145364 )4 UetTHS3D, 04TLICTEY ! D787 259 0.4T7C8061},
ol JoB36GC04y QublEBGEZ) gl TGaTLlldz3y CeaS5£125)y( Ce%822CCy 04484033),
el 1306729y 0a4025S7)el lalu4lSBy 003123720, 1ol5324%, 042143661,
el LualO5813; UolUBSET)el Llec3ll8e—Ca0232T72) ¢l 1a2417CE4=041202361,
ol 1o 443 p=Col41ll72) sl lachéla5r—0e30473%) s la2281284=0.4485T43),
el 1al9632%494=00615b05)yl LelaTibey~CeT3ITScl)yl 1oe(B83740y=)eB562241,
ol LoUlT1764-U0aST40Z2101 0l Le53285Ty=1laC83B84%4 0 Cul3625Cy~1.18€275),
ol JaT72H19Ly—10279913) sl Q093593 =10382450)s1 0448032954 ~1+43565E1
ol Dol 6T89=104954CS s Col9S1B839=1,5416%4) 1 DuDaBT22¢-15T3625),
e (—)a l0bctby—1a5004GT - QaiéctlTle=1aS5FLTC2), (~0a4234LEy—1a5TEBEG)y
o l=Colt8231ay—1aFlb654) 3 (—Ca 735152, -1a%F080%4)y1-28T22C%—1a834272),
e l=ile035T08e— 1o 3544859 ) 3 {~1el8CLla0s~1a255220C)p(~1a211lE8T&s—1e149158),
e ([ ~lod327Ghy~1aCZS115) 91— 1al4c001y=CafB8Bllly{=1o37354,~0aT35318),
el =1a 719152y =CulB00LD ) g (—1a TEL4TIBe—Cotl)1T7523 )y {=1ab3355Ly—NeZ5ELCT )y
e l=loboeB6ly=Co 5469y (~1a E7TTILUy (al3NEeS)yl=le8T2284y 03181071/
XTAUS ()

IF{KaLTaSa8)G0 TO 130

Y=1Je®a

J=¥+la D

IF{dalTe2)d=2

IF{JeGTa 2514256

dM= -1

JPR=J+]

FJ=J

YJ=FJ-la

J=r—-vJ

WST=y/l 2e

C=wT*(u-lal

U=gT*(J+lai

b=la—yg®%x2

Ari=CRGLJM)+0RG IR IHEXG LI

RETURN

109 CONTINUE

Sm=SukT (X}
Riz3,./X
R2=R1%R] ;
RAI=R1%KZ
R&=Re#%Rk 2

S=RA¥R 2
R5=R5%K 3
F=—0d0033E~3%R64,113653E-2%R5~a2LGE L1E-2%K 4
2+elTLOSE~3%R34, 1E5G0TE=1%n it L06L~52Q) £, TGTHY5
Te-029166b=38R6+, 758, 4b- 38R+, T5348E—3%R4
e 3TBTOE-2%K 34,565 L—44R24t el 209905 R 1—24 25615+ X
BL=F*CAS(T}%Sw
Y1=F#SIN(TI®SY
AHFCMPLX(Bls—Y1)
RETUHN
ENU
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APPENDIX A - Continued

Subroutine CFF

SUBROUTINE CFFIXAy YAy XBe YBeDKeCPHe SPHyEPL4EP2Z)

COMPLER EJASEJBYEPLyEPZ2o5Qdy (ST
S5Ud=30e*llurle}/letlacla
XAB=XB=XA

YAB=YB-YA

CA=XAB/DK

C3=YAB/DK

G=CAXCPH+CA8%*SPH
P=CB*(CPH-LAXSPH

GK=P*%x2

EPL=(a0y40)

EPZ2=lades0)

IF(GKalTaeQ01}GT TO 200
A=XASCHFH+YA®SPH

B=XB*CPH+YB*SPH
EJA=CMPLXICOSLAI:SINLA))
EJB=CMPLXICOS(E)»SIN{BI}
SOK=SIN(DK)

COR=CUS (DK}

SGD=SINI{G*DK)

CGD=C OS5 {G*DK )

CST=5QJ/(P*5DK)
EPL=CST*EJA*CMPLX{COK=CGOy G*SDK-5GD)
EP2=LST*EJB*¥CMPLXICDK—CGUy SGL-G*SDK)
CONTINUE

RETURN

END
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APPENDIX A — Continued

Subroutine. SKETCH

SUBROUTINE SKETCH{XCCORy YCCCRyNPLDT ¢y HP ATy NSKIPSyNSYMByNSTZESy
1 TUNITS)

COMMJIN /H8LKLl/ KNTPLT pANEwe YNEW
DIMENSIGN XCCOR(L )4 YCOOR (1)
KNTPLT=RNTPLT+1

WRITELSL,305) KNTELT
ITFIKMNTPLT.EGel) GO TU 2

CALL CALPLT{XNEhy YNEny-3)
CONTI NUE

XMAX=04

YMA'(:O.

Ul A [=1«NFLCT

ATST=XCOUR(L}

KATST=ABS({XTST)

[IFIXATST eGELATST) XKMAX=AaTST
YTS5T=YCACR(I}

YaTST=ABSIYTST)
Ir{YATSTaGEaYMAX) YMAXK=YATST
CONTINJE

LMAX= XMA X

IF{YMAR aGEAMAR) LMAASYMAR
SCALE=LMAXR/LCa2%HPAT

HALF=0e 2*HPAT

CALL CALFLT(~HALFy-HALFg43)
CALL CALPLTUHALFy=HALF42)

CALL CALPLT(HALFsHALFs2}

CalLl CALPLY{-HALFyhALF42)

CALL CALPLT{~HALty~HALFyZ)
CALL CALPLT(-HALKFyCay 3)

CALL CALPLTIHALEF Qw2

CALL CALPLT(Qo y=hALF43)

CALL CALPLTY(Oa pHALF4Z)

CALL LALPLT 1O +0e¢3)
ACOORINPLUT#L1) =0,

XCUDK (NPLUT+2) =SCALE
YCOCR(MPLOT+1)=0.
YCUURINPLOT+Z)=5CALE

CALL LINPLTUXCCOUOR)YCUCR)NPLCTy Ly NSKIPS yNSYMEZNSIZES,Q)
IFINSKIPSeLT40} CO TO S
STX=XCOCRINPLCT)
STY=YCOORINPLOT)

STX1=XCOOR(1)

STYl=YCOOR({1l)

CALL CALPLT(STX,STY»3)

CALL CALPLYUISTXLySTYL2)
CONYINUE

HGT =080 LS%HPAT

X5C=—HALF

Y5C=—HALF~0o07 %*FPAT
IF{IUNITScEwe2) GO TO &

Catl NUTATELASCeYSCyHGT o LEHSCALEy CM/AIN = 4004 1F)
XKSC#ASC+{Y90 e/ To b¥HET

6G TO0OT

CALL NOTATE(XSC s YSCehGT16HSTALEy wVL/IN = 9049161}
KSC=ASC+(90a/T o b®HGT

CaLl NJMBER(XSCTpYSUsHOT 9SCALEs Ua e
CALL CALPLT{Oas0aypid)

ANEn=(e 8FHPAT

YNEw=0e

RETURN

FORMAT{25H +++t++++t++++++ ANTPLT= 13)
ENu
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APPENDIX A — Continued

Subroutine DBPLOT

SUBROUTINE UBPLCT(RPAT yKIoISK{PPyISIZEPRY
1 THTAJAEPH1,AEYyPEPHL)

RN FE RS e R p Rt R ok R R A Aok R PR o kR B ok Rk ok KRR K

PURPISE TG USE CALCCMP CuwUIPMENT T0O PLOT MAGNITUOE ANU PHASE

VARIATICNS OF A SINGLE CCMFOCNENT GF THE HADIATICN

FIELL AS 4 FUNCTION UF ANGLE

INPUT UATA HPAT=Z.#{RAUIUS OF PCLAR FLCT, JNCHES)

FOR TyPE %00 PAPER,
#CR TYPE 300 PAPER,
TC GCBTAIN POLAR PLETS

{(FPAT4LEalQu)

{PFPATaLE«28a}
TVOENTICAL TO PATTERN

RECURUER PULAR PLUTSy USE HPAT=1B.75
KI=NUMdtr Gr PCINTS TO 3E PLCTTED
ISKIPP=1 FJR SYMBUL EVERY DATA POINT,

{ FCR SyMput EVERY OTHER DATA PUINT,
IS1ZEP=1 rUR SMALLEST SIZE SYMBOL,
FCFE LARGEST SIZE SYMBOL
{UEGREES)
FCR &
THTA(KII=360e%
{ue) CORRESPOUNUOING *

SI1ZE SYMSOLy AND

THTA=AKARATYT CUNTAINING THE ANGULAR VALUES

CUNMPLETE PULAR PLOT,
AEPHL=ARRAY CF MAGNITULE VBLUES

THTA{1)=04>

TU AWGLLAR vALUES IN ThTA ARRAY, VALUES

MLST Lle BETWEEN

PEPH1=ARRAY Cr PHASE VALLES
IN THTA ARRAY. VALUES
(Max) AND =130s [®MIN}

TC ANGLLAR.VALUES

MLST LIE SETWEEN 18C.

ETC.
2 FCR MECTIUM

LN IR K B B R BN B AR

*

2 CB [MAX} AND —4C LB {(MINI*

(CEGREES) CCRRESPONUING*

AEY 5 AN AKRAY USEU FGR [NTERMEDTATE CALCULATIONS

RESTRICTINNS  THE AKRAYS TrTAy AEPHL, PEPHLs ANC ALY MUST
bE DIMeNSICNew AT LEAST AS LARGE AS THE VALUE
(Ki+2) IN Trt CALLING PROORAMa CCMMCN /3LKLS
KNTPLT g ANEwy YNEW MUST ALS0 APPEAR IN CALLING

FROGRAM

P E g PP T T TP E R TR LR R L L EEL L LSS LR L LA A LA L

CaMMOM /BLKL/ KNTPLT9ANERs YNEW

*
*
¥
*
%
&
*
£
=
®
Ed
®
*
"
®
b
* FUR wHICH THE FIELD IS TO BE PLOTTED.
%
W
=
*
®
%
*
E
*
&
®
*®
*
*
&
%
*

GIMENSIDN THTA(L)yAEPHL(L)pAeY{l) ¢+ PEPHL{1]}

Pl=3,14159265358%793

RCN=P1/1804

KNTPLY=KNTPLT+1

ARTTE(E 305 KATELT

ITFIENTP LT bwel ¥ GO TU &5

CALL CALPLTIXNEwWeYNEny-31

CONTINUE

STA=DaaBTL®HPAT

§Tv=0eC03TZ%xHPAT

STH=04015%HPAT

CALL NUMHER(STAsSTY¢S5Thplaslar=l)
STAL=STX+Sa BLEEL*HP AT
STrl=5TY+G0eGla*HPAT

STH1=2e 0DEHPAT

CALL NUMBER(STXLeS5TYLySTHLiepCarQey=11}
STy==Je QLATS*HFAT

CALL NUMSErR(STReSTY3S5THy 5C60esUey—1)
STAL=3TX+U LIl T*HPAT
STYl=5TY¥+0.010%HPAT

%

x
*’w
*
#*
L3
R
#*
¥
%*
%*
*

45



APPENDIX A —~ Continued

CALL NUMBEP (STXLySTYZLeSTHLpOagliay—1)
STX==0a0l071*HPaAT

STY=0a0T0%HPAT

CALL NuMOERI ST)('&TY'STI"|9CQ|C|'-IJ
§TAl=STA+CaDERTI®HPAT
STY1=5TY+J.010%HPAT

CALL MNUMBER(STXLlySTYLeSTHL pCoyQer—11
STA==0o 2 455*HP AT

STY==~Ca QU758 %APAT

CALL NUMBER(ST X4 STY95TH1180090e9~1)
STAL=STX#0a 03B ETHHPAT
STYI=STY+D0ad10*HPAT

CALL NUMBCR{STX1ypSTYLySTH1lplmgsan=1)
STX=-0, 0LTL4*HPAT

§TY=2~0g 2223%HPAT

CalLL NUMBER{STXySTYsSTHy 27009009 ~1)
STAL=STX+0403BSTPHFATY
STY1=5TY+CaD10*HFAT

CALL NUMBER [STXL1ySTYLySTHLpUaruas—1)
SRHUW=25,

SRHO= SRHJU*RUN

SRAD=0e ZI25*HPAT

STA==SRAUXSIN(SREC]

STYsSRAUSC USISRRO)

CALL MUMBERISTAsSTYyS5TH+0a49SRHOU.—1)
CALL NOTATC(STX,STY$SThp4H LCBeSRHODyS)
SRAU=0,1525%HPAT

STA=z=5RAI%SINISKFJ)
STY=S5KADSCOS(SRED)

CALL NUMOER (ST A 8TY o STHy=10s p SRHOU =)
SRAU=De 1O23%HPAT

STA==SkAU*SIN(SRHC)
STy=53KRAD*CUSI{SRAL)

CALL MuMBER({ ST Xy STY 44T hy~c00 e SRHOLy—1)
SRAU=Ce0525%HPAT

STA==5RAV%SIN(SRREOE)
STY=5RAU*CCS(SFHC)

CoalLl NUMSLRESTXp STY3SThy—30a ¢5RAHDD =11}
HEAU=Co 2%HPAT

CALL CALPLT {HHALyQers)

LLNU=6

CSRHEHO=P I/FLCATLLENL)

CU 193 L=laLEND

LMl=L~1

DSRHGL=LSRHAD®FLCAT (LML)
SUAL=HRAG*COS{USRHOL)
SUYL=HRAD®STN{ USRHUL )

CALL CALPLT(~SCXle~SUYLieél}
CDSRANZ=LSKHO®FLCAT (L)
SUAKZ=HRAD®COS{LSRHDZ)
SUY2=HRAD*SINLUSRHCZ )

CALL CALPLT({SOUXZ»SLYZe3)

CUNTINJE

CALL CALPLT(CapCay 3)

KEND=4%

SURU=HRAJ/FLUAT (KEND }

DU 195 K=leKEND

XXO=SURLU*FLUAT LK)

CALL CIRILELXXCy0s rJep23GlapiRCeaX0y i)
CONTINUE
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SEP L i=2GJe FHPAT

JU 271 KX=lgeKI

THTAL=THTA{KX }*RCN
AEPHZ=AEPHL{KX ) +40.

AEPHL (KA)=(AEPHZ/UEBPINI®*COS{THTAL}
AEY(KX) ={AEPH2 /LEPINI=SINI(THTAL)
CUNTINUE

AEPHLIRT+1)=0,

AEPHLIKI®Z =1,

AEY{KI+1)=0,

ALY IRK[+2)=1a

CALL LINPLT{AEPRLy ALY oKLl gl o ISKIPPy Lo ISIZEP,LC)

KE n=-o 2%HPAT
YNEW=-0o45Z%HPAT
KNTPLT=KNTPLT+]
WRITELE9305) KATELY

CaLlL CALPLT(ANEWsYNERWy=32)
LSTCe=0 4 4¥HPAT
ULVVi=360./DSTCE

ATMA LG e 20%USTCL
XTMIN=xTAAL/9,

STH=24 JZ*HPAT

CALL AX[S(O.,D-;Ja,USTCEgO.yudUV11XTMthﬁTNIN;14HTHETA|

1 5THy=14) .
LSTCL =04 3%HPAT

DOVVE=3€Ca/0STLE

ATMR =04 25%DSTLE

XTMIw=ATHMAJ/ Y9,

CAaLL AAES(OO'O.r90.|USTCE|'130-!DJVV2|XTMﬁJgﬂTMIN'

1l 14HPHASEy JEGREESySTHyl %)
A3GRUS(0ab4¥HPAT) /12
¥YSuRU={Ce3+HPAT) /4.

CAaLL UHIU(G.rb.rﬂSGRU,YSﬁRDle[Q)
THTA(RLI+1)=0,

THTA[KI+Z2)=Llivv]
PEPHLIRI+1)=-180.
PEPHLIKI+#2)=0UVV:Z

CALL LINPLTITHTA$PEPRL K1y iy ISKIPP4)ISILEP

ANEn=(0a 8*%HPAT

YNEN=(0o 62%HPAT

HETURM

FUORMAT{Z3h ++ddt+tt+t+++++ cphNTPLT= 12}
END

)

DEGREES,
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APPENDIX B
NUMERICAL EXAMPLE

The purpose of this appendix is to present a numerical example which illustrates
the application of the digital computer programs presented and described in appendix A.
The example is the computation of the roll-plane radiation patterns for case 3. In the
example, the frequency range is the interval of 5.250 GHz to 14.000 GHz, with an incre-
ment of 1.750 GHz. Consequently, FMCO = 5250., FMCD = 1750., and FMCF = 14000.
The two annular slots for case 3 require four equivalent narrow axial slots; consequently,
NPORT = 4.

The cross-section profile, shown in figure 8, is initially described, as shown in
figure 13, by 55 coarse points; thus, NPTIN =55, In figure 13, the numbers between any
two consecutive points specify the number of segments to occur between the two points
by subroutines SPLFIT and SPFIT2. As noted in appendix A, the number of points gen-
erated between a pair of consecutive points ig one less than the number of segments that
occur. In figure 13, coarse point 27 appears to lie in an approximately linear region of
the profile; consequently, point 27 is chosen as the point for initiation of the spline fit
procedure; that is, ISTART = 27. Other input data for the example are that MADM = 0,
KI = 361, KWRT1 =1, KWRT2 =1, KWRT3 =1, ISKIPP =15, ISIZEP =1, and
HPAT = 18.75.

Input Data Cards

A listing of the input data cards for the numerical example. is on the following page.
The first card contains, in sequence, the values NPTIN, ISTART, NPORT, MADM, KI,
KWRTI1, KWRT2, KWRT3, ISKIPP, ISIZEP, HPAT, FMCO, FMCD, and FMCF.

The next four cards are cards which specify the port index I, the coarse point
index JVGS(D), and the complex voltage strength VGS(I) for each of the four equivalent nar-
row axial slots which excite the configuration. The first two cards apply for the annular
slot located at By (see figs. 1 and 8) and the second two cards apply for the annular slot
located at Bs.

The next 55 cards specify identifying integers and the X~ and Y-coordinates, in cm,
of the 55 coarse points. The first of these cards is for coarse point 1, the second for
coarse point 2, and so forth. In particular, on the Ith card are the identifying integer
IGNORE, the X-coordinate PNTIN(I,1) in c¢m, and the Y-coordinate PNTIN(L,2) in cin
of the Ith coarse point.
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EE a a  zal 1 1 1 [E) TTHLaTS  %250. 1750, laninn,
1 a [-003 J
2 3 -1.000 ]
T 29 =T+ 000 a
< s 14008 a

—n.gir T
TTTTIEVEST

2
3014 -3.073 1.732
auls -9l 12520
S{A-1 =Tel57 Pe20R
17 -9+350 TaB3a
3018 -9, 367 ARY-F2Y
019 -2.338 07T
a -F.6 10 S
88 -10,.%00 -1.200
21 -10:B00 —4 4250
2 -15.A00 =420
w7 ~9.500 —eal 30
1an -a.00¢ —Ba040
10a —AL o0 =T33
1B —4.000 -7.283
Tz -2.900 EEFTTE]
116 J.000 —7wuH)d
12n Hel00 —Tealin
124 4300 7230
128 5.060 -7.0%0
122 B8.000 hed - ST LT A
135 32530 —& 120
138 10 e &N L. 200
147 | 2aR00 - PN
Tua 1G0T -3.20%
151 S.510 GeZ0
Al Tl 16 4 aan A s aa a4 doaa s 31111 11T A
“a'a 44 8 e e 3323 T

The last two cards contain the IDIVD array data. There are 54 integers (NPTIN-1)
shich constitute the IDIVD array data. The first value, IDIVD(l) = 3, indicates that three
.egments occur between coarse points 1 and 2. Thus, subroutines SPLFIT and SPFIT2
enerate two points between coarse points 1 and 2. The second value IDIVD(Z) =1 indi-
ates that only one segment occurs between coarse points 2 and 3. Consequently, sub-
outines SPLFIT and SPFIT2 generate no additional points between coarse points 2 and 3.
\ similar interpretation is given for the remaining IDIVD array values. The sum of the
DIVD array values is 166; thus, the IDIVD array data cause 166 actual points to be pro-
uced for use in subroutine TESLOT. A plot of the 166 points is given in figure 8. The
ew indices for the four equivalent narrow axial slots are also given in figure 8 and in
able I,
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Execution

After the input data cards are read by the main program, execution occurs. The
printer output data follow:

[EITEFII L3I S LIRS i n) AR EESEERERFRERRERER ARG kTR ey P T P IR S A PR LR L L R B 2L L R A LRl b L bt

NPTIN=55 15TART=Z7

[2Ive ARRAY VALUES

311111111 3644444344448 4ak644e031 111111137333
3448 4 % 444 33337

NPOT KT MANPT NPORT MXPORT MADM kI KwRTL KWRTZ KaRT2 [SKIPP |SIZEP HPAT FMCO FMLCD FMCF
i¢s 110 i L3 e} 3él 1 t 1 i5 1 18475 525040 17506CL40C0.0
v ettt rbeter KNTPLT= 1
LGCATICN DF PUINTS

POINT Ay LMe Yy LM
1 9. 6102 420000
2 T 2365 « 2658
3 Ge 42N «5313
4 9, 3880 7570
-] Ya 3699 adEED
& Se 3500 » 3340
7 Fe 2572 ls264d0
3 9. 1550 lLecukQ
9 Ye 0730 le2322
10 3, 2800 2actED
il ga ¥L10 Za 3340
12 He B4 2l 2eaQ3C
11 8, 6583 duls BT
14 2a 794 EPRELY!
18 Ba 7200 3.,2000
16 «SB32 3a7L0e7
17 2o 4487 402060
18 He 3137 GaTLGE
15 Ba L757 Se.2ll4
20 Be U322 G.T1e0
21 T4 8802 622120
22 Ts 7232 £ 0BT
23 TeSZ62 Teléch
24 R T« 2783 Tabr 22
25 TelaCd Bs 1030
£ Ga 4G 11 de5eCs
el 5. T7T9% Gedlye
2 £a 5531 Sedb]l?
29 Ce 3107 G900
30 b 0568 ICeslon
=1 Le TEOS 107223
32 5a 5008 1la1171
3 Ge 200D L11«30060
ot Ga G135 11.53E7
33 Te €163 léiatt 87
ER) 4e 2lid 12.4%148
37 440002 loechll
13 326560 13412590
39 343213 124u3¢cl
& 2. 2510 l3.T3¢6
41 2a 5800 l4s0sCC
2 2a277C 14,157
%3 laGolt 1443527
G4 la 63951 IhatrbTY
45 La 3009 l4ab0LC
46 « Qule l14uod4a
47 «&BEQ la, 7472
L% | e 3587 14,7065
(] Ca 00 14,BCCC
] —s 22BT ide THES
o1 -ao0fbq 16 T4 7
a2 —a 9804« ldebdan
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23
4
=5
to
57
58
59
69
61
€2
63

&5
11
&7
213
69
70
11
12
T3
7a
T&
Te
17
T4
T9
80
al
B2
B3
84

3
-

b&
ar
)
89
59
St
92
93
S&
95
96
97
S8
99
109
151
id2
103
134
105
106
107
luag
139
110
111
L1
113
1l4
1L5
11¢
117
113
1.9
129
121
122
1i3
Li4
125
124
127
124
129
132
131

]

-14 3002
~la&351
-1. 9614
=2.2773
-2a 5800
—-2e 901¢C
-3,3213
—la 6660
-44 0300
—44 3118
~4a 616
—-4,9135
=5¢ 2000
-5+ 5007
-5s Td65
-be 0563
~&e 2100
-be 55351
-6 7797
=-4e 9914
-7+ 1309
- T 3779
~Te 5551
~TeT2E5
~T+ BEOQ
-84 C343
-8,1808
—Ba 3210
~8. 45665
-da 4B%1
=He 7200
—bo 7944
-B. EHBG
—-8s 9420
—He 5& 10
—8o 9l
-G, 0T33
-9, 16590
-G9a 237)
=9, 5502
- %0 3 90
-%e 3480
=3, 4620
-T%e 0266
-G« €100
-9 7302
-9 54ET
-Ga GEQT
~1ds 0153
-1lis 2059
~10s 3447
—iJ« 5C00
~104¢277
=lUe 7377
-1GCa 8000
~13de 7947
-1Ja TzB1
=10 £00J
-13J« 2086
-9 5278
-% 5000
-9 QUEL
-He 5063
-Ye LAND
-Ta 50LE%
-T.0GT7
-
-6s CCCO
-5 50101
-5.0014
-4, 5011
-4a 2000
-3.500¢
-3, 00G7
-2250G5
-2+ 2002
-1la500C
-1 w002
=-a 5007
Je C0O0J
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18,6000
1444879
ILTELEYS
l4,157¢8
14,0200
1327526
l3.45L1
1341550

. 1248100

12.4514
12e1é07
11.8387
11.500Q9
11.1171
10,7223
10314
CeGOCC
Guté}7
Gail47
25603
8es1GCLC
Tewill
Telbzs
te 68T
teclCQ
54TL27
522129
4e Tl 14
4e 20ES
da TGS
Zadwid
2e 2345
deabLES
ZeulZ0
Lo 3340
e ZBEG
ly93:20
l.60C0
laZ&tC
53240
« SLEC
7570
w5215
w2EED
Qe uCCa
~e45co
—eS183
=1l43TEL
—la8371
~2aiFa4
—2.T45C
-3, 22C0
=3, 5441
-la09c0
EL PV o]
—4.5782 .
-4e 0L 10
-La2JL0
~5.5685
—S.8629
TR Y
=6e3LLD
—bah3 i
=&y 5600
- TR EE]
-&ad718
=-£.5689
-Te.C2CL0
~Tal2lE
-TelbiE
-Tac2tl
~TecBll
—Te2L1z27
-Te34359
-7« 3731
=Tetrc O
-Tesetcl
-Te4538
~Te4T27
—Te4d(Q

51



APPENDIX B - Continued

123 2 2000 -To& 727
L34 1,0002 -lakt3n
133 1. 000 ~Tek2tQ
1ie, 2.CUOD =Te ULl
137 2. 20035 —Ta 3722
133 S.d00C7 =Tu3455
139 3a 5006 —TellET
143 4402300 ~T+2500
141 o 2011 ~Toddzi
142 S,001% -Taiy3t
143 5.%0L1 ~TelZlé
les 4e 0JCA =7+J500
lab 65,5050 -6 GGG
Lys T« 0077 -te 87138
147 Ta 5065 Lo 76212
148 8, 0002 -be&4CU
149 Bo 5068 —uo% Gzl
170 Q. 00BE =fsal€z
1z1 F, 2002 -5a ICGC
152 A, 5278 —Fai6£9
153 12. 32BE —EWLEED
15% L0 %200 ~fa2000
155 10,7281 -t 5010
156 10a 7547 -4. 5762
157 1Ce el —beg3U0
14 1073717 =34 8920
189 104 6277 -3e 344l
L0 L3« 5Q00 =3e 200V
lel 1Co 3447 ~22 745G
the 10. 2056 -ielG 44
163 10,0792 —Lad37%
164 Ye 3607 =la 3701
1653 e 8457 -—e5l82
lés FaTEGE -e45EE

FREUENCY= 5253.0 Mrd
wAVELENGTHe 5471 CMa

FEtErEEEERESEEE RNTPLT = 2

NJMBER [F FOINTS WESCRIBING The CYLINOER=1lob

GEOMETRY DF CYLINDRICAL LRUSS SECTIUN DRIVING POINT vOLTAGES

PULNT Ay W¥La fr WVl Gy nvle RE(VIy VCLTS IMLV]y VOLTS
1 le6dlB 0.0C32 s 0aB2
2 lab6oEQ « 0465 a U483
3 la 6555 «JGEC o L4d2
4 le&429 «139S «C125

5 1.635¢ «1Z218 + 0124 1a 2050 0. 0000
& Leb362 «1&35 +GE0T
T la 6200 £ 2219 + 06032
8 la 6039 « 2800 «C6C3
9 leSeld «3351 aL&CT
10 L5715 «3%06 «Clé4

11 le 5652 « 4585 «Q125 -1.0070 J. 0200
12 la 3648 « 4205 «C4E3
13 le3E20 4670 « 0483
1 le33d9 «5135 o C4e2
15 1. 5264 «5E20 «L9l2
16 1.50321 « 6480 ai512
17 le& 785 PEERY «C2l2
18 Le&549 «8241 «0912
15 la43207 «712C »0911
20 l.4036 « 3996 «C511
21 L1+3790 l.0868 «C8B0
2a 1.351% la 1704 « 0380
23 s 2223 le2524 « 0481
24 l.2912 1.2358 «CBAL
et le2485 latl75 «LETT
pL] Le2234 14382 « CETT
27 lelfbn l.27786 e T7
24 le 1463 leetcad «Ca?l
Fa 1a1043 17525 «Vab2

30 1.0599 148354 «Cd5:
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39
%0
91
92
93
94
gz
L]
97
4
579
1a¢

1Ok
Loz
1c3
io&
102
106
107
108
109
119

le 0125
«562¢
«FL0d
« 8599
» 3079
ETY
« 7600
ob&il
«5812
2182
4515
« 3365
a3%930
« 2861
«c275
« 1715
w1l
o L575

Qe C203

-+« JETE

—alli48

-«171%

-9 2273

-+ 2B61

-e 3422

-a 3585

~s @515

-+5182

-+ 5Bk 2

—eDWl5

~« TCCO

—e 1544

-+ 8CT9

-2d569

-2 5100

-e 50626

-ls0126
-1la U5%9
-lal242
=le1458
-lal2t%
=lg 233
-l. 2583
=la 2511
=-le2221
-la 3514
-1, 3790
-1ls 4060
—la4%431¢&
~la48E2
=~1le 4759
-1le HC31
-1le 5260
=1 93499
=1+3520
~le5€Rd
~l. 5682
-1 5715
=-1.,5878
-1l 6039
=lab2iLO
~ls 6383
—la53G5
=le 6423
—1.£556
-1l,640873
~la. 48148
~Les 7020
-1le 7233
-1la 7431
—laT&39
~1ls 7840
-1.89103
-le 8375
~1l. 8598
-laB87%1
-la 8900

~leB391°

—laB774
—1.8%50

18764
le 9455
240125
20718
241295
2e186&1
cad&l)d
L9 2G93
L]
2ad 6T
LeH53E
EPE R
2.511%
« 5354
2455560
ZaSEGE
Z245ED8
e BETE
e S920
2.587&
2«58C8
caSESR
Zu 5550
25358
T 5115
ZadBat
2eu53E
Zatd6T
23748
242993
242417
Zelobl
celiGh
Z«0718
Za12%
1,9%55
leB7ESH
1.BO54
la732E
le63%8
le 577&
1.4980C
ledal?E
l.33518
1,253 4%
1a1703
L, JBEE

£ 5997
«9123

sdddd

«7365

»E4B3

«5E0L

w5135
s3ET0
o%Z05

« 4085

o 35EE

» 3361
+ 2600

«2219

w1635

e13l6
21365

«UP30
«J&ET
0a0000
-+ DEJ3
-el537
-a2412
~e 3215
-s4C15
-+48Ll1
-+ 56040
-a6202
-—a&BLl1
~s 7458
-+ 8012
-=8577
-.9130
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« 0853
WLBEL
L7786
G770
«£778
« CTED
ebBZl
« 820
w CELT
«UBLE
RELlS
+CL16
«CELT
«CHlAB
« G579
«CETH
«C577
P
+C5T6
«UZTT
+C578
wLETS
+(El8
20617
«lpnlb
«Lclib
«Gals
«CELY
« 0820
wLBEL
+ (780
«LTT7E
«CTTE
«LTTE
«CBE2
«CEE3
«CE53
aGd53
a LETT
«CETT
« 0877
« 0877
»Ca8]1
+C381L
«CHE0
«GuBU
«0311
#0511
(511
<0512
«0S1&
«lL9le
«CaB3
. C4B3
«0583
elled

«J1l24

«G6Q7
wUEGT
« 603
« 0607
«Cl24
#0145
e 0483
« 0483
«L6d3
» 0830
» 0829
e d29
«C832

« GB3C
« 0832
«C835
e C6G2
« G638
w0638
«3574
« LET7
«05%6%
«G822

-1.C00C

1.033%

Qe 0000

Ce QCCO

53



54

111
112
113
114
115
1l¢
117
118
119
120
izl
122
123
124
125
126
127
128
L29
130
131
152
133
134
13%
Li6
137
[k ]
139
140
14l
l4Z
143
144
145
14E
L47
148
149
150
151
1=z
153
15%
155
15¢
157
158
159
165G
161
IX-¥3
ie3
1b4
165
l&s

RACLAT [ON

PHI1,

LEG.

Ca0
1.0
2.0
340
4u D
5.0
bed
7.0
Ya0
9.0
10.0
11.0
1240
1340
1440
1%.0
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- 350097801
=3s54£910£-01
-3a604829E-C1
=34 44]1023E-0]
~3.51109it~-01
-3, 32B930E-01
-3,12727%E-01
=2.8l3413E-01
-2+ 353321E-401
=le#135Q4E-Q1
-la 2514 T4E-01
=S I 2T43E-02

3. 2451 4TE-03

Ee BBCHSIE~D2

ls 235624E-01

1. 8040 -e974:5 LB42
1aT374% -1l.0260 «CB56
Le 6625 -1 04875 a (543
le57¢&2 ~1le 1054 rys
l.4B87 ~la.1362 a P24
La.40040 -la1£2C « CBYO
le 3136 -lal83¢ e 0093
la 2283 -ls 2026 « 0895
11384 -la2122 + L4568
1, 0500 -l.2338 «C882
-+ 9627 —l.24%E3 «Cudl
-+ 8733 -1s2571 «LBAG
- 7477 -lagibd «LBED
-« 7300 “Lle2740 «LBTO
~e 6126 -l.2E03 «LaTb
~ab251 -la285°% «CETT
~e 43756 -1.2903 87T
~a 3500 =142950 +C876
~e2625 ~1+2999 -0876
-« 1750 ~La30hh « 0876
-a 18735 -143077 «{BT5
0.C000 =143090 «CBTE
+CBTS -143377 sLBTE
1750 —la 3044 «THBTE
2625 -1.299% LT
»33C0 -1.2550 - C8T7
24376 ~1e2923 « {877
« 5251 -1.2B55 «Cclt
6126 ~1,2803 -y
« T200 —le274C %11
« 7377 =le2é€3 e LBEC
«BT7L3 -1a 2571 «CHHL
«5&27 -le2%E3 aCbic
1. 0500 -la 2338 o CBYE
Lel3ba ~le2l92 « €395
la22e3 -le 20246 «L8%3
la3126 ~ls1B32 .. 854
Le %G00 ~lelt2d su%2h
le4BET ~lal3b2 rred
«ET6E -1.1G54 « CF43
Lebéd =Le 0675 «Cdd6
1e 7575 -1.025C «UB42
le 3040 -49745 Ty
le 8550 -+ 9120 w255
1a877w - s B3T7 » GRIT
1. 88%} - 3012 Lo T
1.8%00 ~eT438 eCBIE
1,8791 ~ebgll « 0628
le 5558 -ab23d «Cb4e
1e B37S ~s500C o (B35
l. 3103 ~ahBil wCb32
le 78£0 ~+ 4015 and2d
Le 76359 -e 3415 « L8350
le 744l ~a 2012 e LBES
17259 - 1607 « (829
1. 7024 -« CBO3 « CHLO
PATTERN  [RELATIVE])
RE(EPH]) IMLEPH]
=3, 5456608E-01 la 796%826~C1l

1e 7614CTE~CL
le £STBSIE-CL
la56C220E-C1
le3493756-C1L
la0lasa2E-Cl
Se7ZlLl4TE=CZ
8. 974817TE-C3
-4.23J040E-Q2
-da 2864 14E~-02
-1420%25%E~-01
-1.ET3T55E~(
—laBAU344r-L1
-1l ET4356E-C1
—1e91&619E=C1)
-1,80C0127E~CL

MAG [EPH)

3+ 9TEC0ASE-QL
34919107E-01
Ja91E825CE-C1
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APPENDIX B - Concluded

SHORT=CYRCUIT AUMITTANCE MATREA

PUINT PURT  PUINY PUORT Gy MILLIMHOS 3y MILLIMHOS
5 1 S 1 Ca0CCCOO0D U, COC0CI0D
5 1 11 i CaGCLLCUUD Ca CCCTOO00
5 1 c7 3 CaGOCLT000 Ce QCOCQ000
5 1 53 £ O JCCCOWI0 C.3CCRCCCH

11 z 2 1 Ca CLCUOOLD 0. 2000000
11 2 11 2 CeCCOCOQ0D C.00CCA00Q
11 4 B7 2 Ce CCALUUQO C. CCO0J000
11 2 53 % CeUCLQUTUD C-CCCCACO0
E7 3 £ 1 CaCCCCUDOO G.0Q0C00300
BT 3 11 2 Ce LLOCOULO C.CCcccooaon
a7 3 ar E} C.3CCCOOGO Ce CLA0OQQT
B7 3 G2 4 CaGC0OCOUI0 Ce CLO0O0D200
) & 5 1 CaCLCGOD0T Ca CCOCA0I0
<°3 o 11 2 Cu CCOGOJ2D Gs GCOCCA0OO
93 % 87 3 CeCCuCOOUO La CLGO0O0C
93 4 93 4 0.00C00000 C. CC2A0000

On output, the input data, except for the 55 cards giving the coarse point X- and
Y-coordinates, are printed first, Then, the indices and the X- and Y-coordinates of the
166 actual points generated by subroutines SPLFIT and SPFIT2 and required by subrou-
tine TESLOT are printed in units of centimeters. The statement KNPLT =1 implies
that subroutine SKETCH has made a plot of these points and has given the scale factor
below the plot in em/inch (on the plotting paper),

Next, computations and plots as functions of frequency are made. The printer out-
put is given only for the first frequency, 5.250 GHz. The printer output however is simi-
lar for all the remaining frequencies.

For a given frequency, the frequency and wavelength are written first, and a plot of
the 166 points (KNTPLT = 2) is made and the scale factor in wavelengths/inch on the
plotting paper) is given below the plot. Next, a write out of the geometry of the cross
section is given. In the write out, the X- and Y-coordinates are given in wavelengths at
the specific frequency for a particular point, say, point I, and the length, in wavelengths,
of the segment the end points of which are point I and point I + 1 is also given, The
voltage strength of a narrow axial slot is also given at the point at which the slot is
located.

Next, the computed radiation pattern is printed, In the program, PHI corresponds
to ¢, of figures 1 and 8, and for a given value of PHI, the real part, the imaginary part,
the magnitude, and the phase of the relative radiation field are printed,

Next, for a given value of PHI, the radiation field in decibels, the normalized radi-
ation field, and the radiation field are printed. The statements KNTPLT =3 and
KNTPLT =4 indicate that subroutine DBPLOT has made a radiation field magnitude
polar plot and a radiation field phase rectangular plot, both plots of which are functions
of ¢.. (See fig. 14.}

Finally, the short-circuit admittance matrix is printed. However, since MADM =0,
this part of the write out is meaningless.
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TABLE I.- GEOMETRY AND EXCITATION DATA FOR APPLICATION OF RIEF FOR

COMPUTATIONS OF SPACE SHUTTLE ANNULAR SLOT RADIATION PATTERNS

[All linear dimensions are for 1/35-scale mode |

Number of
] Perimeter, | points and Coordinates x,y, cm, of Phasor voltage strength, volts, and coordinates
Case Figure cm simultaneous center of annular slot Xy, ¢m, of equivalent narrow axial slots
equations '
Vyp = 1/0°  at Ppg = (0.762, 14.690)
1 6 70. 55 154 = (0., 14.690) at P43 A -
Vd() = 1/180" at Ptlé = (-0, 762, 14, 690)
vy - 1/0°  at P, = 9.369, 0.866)
2 7 70. 58 159 1= {9.165, 1.600} at PS' B1 o _
' V., = 1/180" at P,, = (8.961, 2.334)
11 11
Vg = 1/0°  at P, = (9.369, 0.866)
;= 1.165, 1.600) at Py B, .
Vll = 1/180 at P11 = (8961, 2.334)
3 8 70,58 166 >
V87 = 1/180" at PS? = (-8.961, 2.334)
> = (-9.165, 1.600) at qu 82 0
V93 = 1/0 at P93 = (-9.369, 0.866)
_ | Vyo = 1[180° at Pjc = (0.741, 11.766)
4 11 142. 86 178 = (0., 11.500) at P48 A 0
Vg, = 1[0°  at Py = (-0.741, 11.234
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Figure 1.- Geometry of the Space Shuttle orbiter a
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Figure 2.- Geometry for which RIEF is applicable.
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Figure 3.- Representation of an annular slot by an equivalent array of two narrow
axial slots for purposes of computing the specified radiation pattern.
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Figure 4.- 1/35-scale model (cylindrical model) for obtaining
roll-plane radiation patterns experimentally.
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(a) Side view.
(b) Front view.
(c) Oblique view.
(d) Model under test.

Figure 5.- 1/35-scale model (three-dimensional model) for obtaining
roll- and pitch-plane radiation patterns experimentally,

L-74-1071
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Figure 9.~ Roll-plane radiation pattern for case 1 (theory compared with experiment)
Frequency, 311.4 MHz (10.900 GHz).
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Figure 10.- Computed roll-plane radiation patterns as function of frequency.
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Figure 11.- Points describing pitch-plane cross-section profile for case 4.
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Figure 12.- Pitch-plane radiation pattern for case 4 (theory compared with experiment).
Frequency, 155.7 MHz (5,450 GHz).
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Figure 13.- A plot of the coarse points for case 3; that is, for the example
given in appendix B, The coarse points are indexed sequentially as one
moves counterclockwise from the positive X-axis. The IDIVD array
values are given for selected cases.
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Figure 14.- Graphic output, at a frequency of 5.250 GHz, for
the example given in appendix B. The polar plot is a plot |
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